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ABSTRACT 
In order to regulate loss of agricultural land, Story County, Iowa implemented a Land Evaluation 
and Site Assessment (LESA) system. LESA is a scoring system created by the United States 
Department of Agriculture Soil Conservation Service (USDA SCS) in 1981 and adopted by 
Story County in 1985 to help county planners evaluate parcels. LESA uses multiple variables to 
determine a parcel’s score, that if high, is unlikely to permit non-agricultural development in 
order to preserve agricultural land. Currently, Story County planners manually score the entire 
LESA process, however, manual scoring increases the risk of error, does not allow humans to see 
the surrounding spatial context, and can be inconsistent and time consuming. To improve the 
LESA system in Story County, the study covers the creation of a LESA decision support tool for 
Story County using ArcGIS software and Python GIS programming. The LESA decision support 
tool builds efficiency by automating the land evaluation section of the LESA process, and seven 
of the ten steps in the site assessment section, for a total of eight steps. The automated LESA 
process helps give parcels consistent scores, provides spatial context, and helps to save planners’ 
time. It is expected that this tool will aid Story County planners to become more efficient and 
effective in making land-use decisions. 
1 
CHAPTER 1.    INTRODUCTION 
 
The Corn Belt Region is located in the Midwestern United States. In this region, soil is 
rich in organic materials, land is reasonably level, and there is adequate rainfall during the 
farming season (Encyclopaedia Britannica, 2020). These characteristics make the region prime 
for agricultural use. Within this region, soybeans and corn, a major feed-grain, are the leading 
crops.. Although the Corn Belt Region is everchanging and vaguely defined (Green, et al., 2017) 
it is without hesitation that Iowa is an essential aspect of its vitality. 
Iowa which is a Midwestern state is widely known and recognized as a farm state, where 
agriculture continues to be a vital contributor to the state economy, way of life, and culture. In 
2019, Iowa ranked first out of all 50 states in several agricultural standards: Corn for Grain 
Production, Harvested Acreage of Principal Crops, Egg Production, and Hog Production. Iowa 
also ranked second in both Soybean Production and Commercial Red Meat Production in 2019 
(Census of Agriculture, 2020). However, this high amount of agriculture production could not 
exist without the vast amount of Iowa agricultural land. Based on current data, 85 percent of the 
total land in Iowa is farmland (Iowa Department of Agriculture and Land Stewardship, 2020). 
Furthermore, in 2019, Iowa had an estimated 86,000 farms, third in the country after Texas and 
Montana (Census of Agriculture, 2020). Nevertheless, there is no policy in place to ensure that 
this farmland is guaranteed in existence for the future. From 2002 to 2017, farmland has been 
steadily decreasing in Iowa from 31,729,490 farm acres to 30,563,878 farm acres (Census of 
Agriculture, 2020). As the state grows in population many parts of the state have an increasing 
need for housing and businesses, land for which will need to come by converting  agricultural 
land for these purposes. The encroachment of housing and business onto agricultural land is 
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known as urbanization. From 2002 to 2012, 84,900 acres of agricultural land were converted 
(urbanized) to developed land in Iowa (“Iowa Data and Statistics”, 2020). 
As many parts of the state have growing needs for additional land, some municipalities 
rely on tools to guide them in two important questions: “how much land should be developed?”, 
and “which land should be developed?” One of the tools used to assist in the process of 
answering these questions is the Land Evaluation Site Assessment (LESA) guide. This is a 
system developed by the United States Department of Agriculture (USDA) in order to protect 
high value agricultural land from development. LESA helps assess land by producing a single 
score for a given parcel. The LESA score ranks how viable the property is for agricultural use or 
land development by factoring in multiple variables concerning surrounding land use and soil 
quality. In 1985 Story County adopted the LESA system for planners to evaluate land in 
unincorporated Story County (Beck, 1985). The LESA system consists of a Land Evaluation 
(LE) and Sites Assessment (SA) section, and has a strong relationship to county planning and 
rural land use planning. Like other land suitability evaluations, it can provide valuable assistance 
in land use planning due to its ability to rate a parcel’s agricultural and economic variables (Yu 
et al., 2018). Additionally, in cases where the evaluation results in a map that spatially allocates 
the suitability of agricultural land, it can provide planners with suggestions for constructing 
future land use plans (Yu et al., 2018). LESA is used by planners at Story County to determine if 
A-1 Agricultural Zoning District land is able to be rezoned and whether or not certain 
Conditional Use Permits (CUPs) will be approved. These decisions are based on LESA score 
thresholds, which will be discussed later in the report. The following report will focus on 
improvement to the LESA system in Story County through partial automation. 
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Study Region 
Story County is located in central Iowa (Figure 1) and consists primarily of farmland, 
including row crop production,  is square in shape and has an area of 576 square miles (History 
of Story County, 2020). It is situated about 30 miles north of the largest metropolitan area in the 
state, Des Moines. Consequently, there is a lot of flow, of people and dollars which translates 
into continued growth of the county. Story County, like the rest of the Corn Belt Region , has 
rich soil, and adequate rainfall in the growing seasons.  (Encyclopedia Britannica, 2020). 
Historically the land was predominantly prairie (Iowa Prairie Restoration, 2018). Story County’s 
population increased form 89,542 in the year 2010 to 97,117 in the year 2019, reflecting a 
growth rate of 8.5 percent (United States Census Bureau, Population Division, 2020). Although 
the county is primarily used for agriculture, its farmland has been decreasing. 
 
Figure 1: Story County, Iowa 
Source: (Benbennick, 2006) 
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There were a total of 359,604 acres of farmland in 2002, which decreased to 352,240 acres of 
farmland in 2007, and to 304,022 acres of farmland in 2017 (Census of Agriculture, 2020). 
Within the boundaries of Story County there are four unincorporated towns and 15 incorporated 
cities, with Ames being the largest. The City of Ames has a population of approximately 66,258 
(United States Census Bureau, Population Division, 2020) and is home to Iowa State University, 
a major public institution of higher learning with a student enrollment of approximately 36,000, 
which is the driving force for development in the area. Much of the development resulting from 
the City of Ames takes place in the Ames Urban Fringe (AUF), an area within a two mile buffer 
around the City of Ames. Therefore, the AUF Plan was developed jointly by Boone County, 
Story County, the City of Ames, and the City of Gilbert as a shared land use plan for future land 
use planning (City of Ames, 2017). In this area, and other municipal areas, municipal boundaries 
have been , taking away from unincorporated Story County land. This is done through 
annexation, as was the case for eighteen agricultural parcels on the south side of the Ames city 
limit in June of 2019. These parcels consisted of  approximately 156 acres of agricultural land. 
Although the parcels were automatically zoned as “Agricultural” after being annexed by the City 
of Ames, it was the intent of the developer working with the property owners to convert a portion 
of agricultural land to be rezoned to “F-PRD” (Planned Residence District) single-family 
residential development (Ames Department of Planning and Housing, 2019).  
In unincorporated areas within Story County the LESA system is used by the Story 
County Planning and Development Department to determine the value of  land for agricultural 
use. About 81% of the land in Story County has a property class designated agricultural. A score 
is assigned to a property in Story County through the LESA system to determine if it qualifies 
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for an exemption to the 35-acre minimum lot size required for dwellings in the A-1 Agricultural 
Zoning District. The LESA score also determines if rezoning to a non-agricultural zoning 
districts will be permitted and is used in certain conditional use permits. The intent of Story 
County’s LESA system is that land with a high LESA score is encouraged to remain in 
agricultural use, and land with a low LESA score is allowed for non-agricultural development, 
upon request and as necessary. 
 
 
Figure 2: Land in Agricultural Use in Story County, Iowa 
Source: Story County Planning and Development, 2019 
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There is one director and two county planners in the Planning and Development Department of 
Story County who evaluate parcels based on the LESA system and has jurisdiction over 
unincorporated Story County. Therefore, the LESA system does not apply inside other 
municipalities within Story County, although future land use maps that extend past 
municipalities boundaries are taken into consideration when scoring.  
 
Problem Statement  
Trends in Agricultural Land Use 
Agricultural land is a finite resource across the U.S., and Story County, Iowa. Once land 
has been developed from an agricultural use to a non-agricultural use, it is very difficult to 
restore the land to its former agricultural quality (Oxendine, 1989). Trends in the United States 
show that between two and six acres of farmland disappear every minute (Hoobler, 2003), or 1.5 
million acres a year to make way for urban development (“Protecting Farmland”, 2020). In Story 
County, from 2002 to 2017,  55,582 acres of farmland was lost, a decrease of  15.45% (Census 
of Agriculture, 2020). With rising populations (Figure 3) in the United States, Iowa, and Story 
County, additional development of housing and businesses are necessary. Since Story County 
consists mainly of agricultural land, acquiring from that source for development is the only way 
to expand. E.J. Dung warns that increased “development could affect the economies of states like 
Iowa that are agriculturally based” (Dung & Sugumaran, 2005, p. 2).  
Furthermore, in Iowa, prime agricultural lands are degrading due to soil erosion, which 
can have a harmful effect on the crop yield (Al-Kaisi, 2000). Loss of high-value agricultural land 
due to soil erosion is an issue the author of this paper has had second-hand experience with while 
working with farmers in Story County. Soil erosion devalues the LESA score over time. In most 
of Iowa there is a soil removal rate of 2 to 5 tons per acre per year (Al-Kaisi et al., 2002). 
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Although the degradation of soil through erosion is not synonymous with the loss of agricultural 
land classification, it elevates the importance of preserving the prime agricultural land that Iowa 
possesses due to the lower crop yields resulting from erosion.   
 
Figure 3: Rising Populations of Story County, Iowa, and the United States 
Source: (Population and Housing Unit Estimates Datasets, 2010-2019) 
 
 
The LESA system counteracts development forces, helping balance between preservation 
of agricultural land and development. However, the system as it exists today has several 
limitations. The first limitation of the LESA system is that it can be very time consuming for 
planners, such as those in Story County who must complete an 11-step manual process. The 
second limitation of LESA is that it can be influenced by the implicit biases of an individual 
planner. For example, a particular planner may consider a parcel to be in agricultural use and 
score it higher than a planner that does not consider it to be in agricultural use. Another example 
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of influence by a planner is the location on a parcel a planner measures distances from, 
depending on where a planner measures distance from could change the score. Due to 
unintended subjectivity, scores can lack uniformity from planner to planner and lead to 
additional questions Disagreements on scores also affect the timeline of the process, as planners 
devote more time to discuss how they reached their score, and oftentimes they must re-score an 
individual parcel. It is estimated that Story County planners take about 10 minutes to score just 
one parcel (Moore, et al., 2019). Due to the previously mentioned scenario, scoring a parcel can 
take longer than 10 minutes. Official LESA requests are just under 50 requests a year not 
including LESA’s done outside of official property requests (Moore, et al. 2019). The third and 
last limitation included in this report is that the LESA evaluation only scores for one parcel at a 
time, leaving out the broader spatial context of the surrounding LESA evaluation scores.  
 
Proposed Solution and Limitations 
To address the issues identified in the earlier section, this report aims to automate a 
section of the LESA system through ArcGIS Python Coding. This will provide Story County 
planners with efficient, uniform, and objective LESA scoring for the automated components. In 
doing so, all Story County parcels will simultaneously receive an automated portion of the score, 
providing visuals of the spatial context for planners to identify potentially prime agricultural 
land. Each parcel score can be promptly found by planners by either searching for the Parcel ID 
in the attribute table or selecting the spatial location of the parcel on a GIS Map.  Additionally, 
the Python code will follow the exact same procedure for each parcel, reducing the variability 
which may result from individual subjectivity or user error.  
The ArcGIS Python Code will automate the workflow of eight out of the 11 steps in the 
Story County LESA system and will account for 220 points of the possible 300 point score. The 
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final three steps, which cover the remaining 80 points of the possible maximum 300 point score, 
will still be performed manually, due to limitations of the current coding process. A total of 300 
points from the manual and automated scores will signify the parcels best suited for agricultural 
use, in which a 0-point score represents land is not suited for agricultural use. A project 
workspace will be used to store the LESA data and codes.  
While the proposed code will provide benefits for planners regarding efficiency and 
consistency, the automation of the eight steps does have its limitations. Python coding will 
require system updates and require Story County planners to be knowledgeable in the 
programming so that they can fix any technical difficulties that may arise with the code. The 
author of the code, like the current planners, also has innate human biases, which could influence 
the process, although the biases would be consistent for each parcel evaluation. Automation is 
also limited by the quality of the data at hand and will be unable to make exceptions for 
unforeseen parcel situations. 
 
General and Specific Objectives  
While there are specific objectives for the study, the overarching goal is to assist Story 
County planners in their daily planning related assignments as they determine whether a parcel 
should be developed or remain agricultural.  The LESA system is essential to the planners’ daily 
work in Story County because its score is useful for a variety of planning-related work. For 
example, LESA is used  “to determine if [a parcel] qualifies for an exemption to the 35-acre 
minimum lot size required for dwellings in the A-1 Agricultural Zoning District” (“Land 
Evaluation and Site Assessment (LESA), 2020). Both a low agricultural value range for SA 0-
172 and a low-moderate agricultural value range for LESA (0-266) are needed for single-family 
dwellings to be permitted in the A-1 Agricultural District (Land Evaluation and Site Assessment 
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(LESA), 2020). These threshold ranges (Table 1) were recommended by the LESA Committee 
based on extensive research and testing of the LESA system. The threshold numbers were 
determined based on two standard deviations below the tested mean, and the 95% confidence 
interval (Beck, et al., 1985). They were adopted by the Board of Supervisors on November 6th, 
1985 (Land Evaluation and Site Assessment (LESA), 2020). The LESA score is also used for A-
1 District  
 
Thresholds  SA LESA 
Low Agricultural Value 0-172 0-221 
Moderate Agricultural Value 173-188 222-266 
High Agricultural Value 189-200 267-300 
 
Table 1: SA and LESA Thresholds 
Source: (Beck, et al., 1985) 
 
and A-2 District rezoning requests. If the site scores 267 or above as determined by the LESA 
system, rezoning to another zoning district (Table 2) will not be approved (Story County Code of 
Ordinances: § 92.06-208, n.d.). Furthermore, it is the intent for the A-2 District to avoid being 
located on land scoring 267-300 when possible (Story County Code of Ordinances: § 86.05-184, 
n.d.). Lastly, some Conditional Use Permits (CUPs), as shown in Table 3, will not be permitted if 
the LESA score falls in a high agricultural value between 267 and 300.   
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Established Zoning Districts in Story County, Iowa 
A-1 Agricultural District 
A-2 Agribusiness District 
A-R Agricultural/Residential District 
R-1 Transitional Residential District 
R-2 Urban Residential District 
RMH Residential Manufactured Housing District 
C-LI Commercial/Light Industrial District 
HI Heavy Industrial 
GB-C Greenbelt-Conservation District 
R-M Residential/Mixed-Use (Overlay) District 
R-C Residential/Conservation Design (Overlay) District 
 
Table 2: Zoning Districts in Story County 
(Story County Code of Ordinances: § 86.01, n.d.)  
It is not intended to permit in the A-1 District where the  
Land Evaluation and Site Assessment (LESA) score for the subject parcel is 267-300. 
Kennels for the raising and boarding of dogs or other small animals, provided, all buildings 
including exercise runways be at least 50 feet from all property lines and at least 200 feet 
from any residential district (or residential property) line.    (Ord. 277 - Jan. 19 Supp.) 
Human services facilities and programs, except uses meeting the definition of family home 
under Chapter 85    (Ordinance No. 247) 
Churches and/or similar uses  
Construction and demolition landfills  
Child care centers serving more than six children and operating only between the hours of 
6:00 a.m. and 10:00 p.m.  
Commercial campgrounds and travel trailer parks  
Drag strips, go-cart tracks, courses, and/or activity areas for motorcycles, minibikes, 
snowmobiles and ATVs, provided that the minimum lot area is 20 acres  
Lodges and fraternal organizations  
Campgrounds not operated for profit  
Private gun clubs, skeet shooting ranges, and similar uses (Ordinance No. 192)  
Golf courses (except miniature golf courses or practice driving ranges operated for 
commercial purposes)  
 
Table 3: Conditional Use Permits restricted by LESA Scores of 267-300 
Source: (Story County Code of Ordinances: § 90.10-Table 90-1, n.d.)    
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Secondary goals, although still important, are set to reduce inherent biases in LESA evaluations, 
provide spatial context, and guide counties similar to Story County in the automation of their 
own LESA systems. There are three specific objectives of LESA automation: 
 
Objective 1: Develop a python code to automate eight LESA 
steps
Objective 2: Update the Story County Attribute table with key 
information related to the automated portion of the LESA 
Objective 3: Provide directions for planners to utilize the Python 
Script by creating a tool for ArcTool box.
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CHAPTER 2.    LITERATURE REVIEW 
Story County is not alone in its adoption of the United States Department of Agriculture 
Natural Resources Conservation Service (USDA-NRCS) program. Other counties and 
municipalities have developed their own versions of the LESA system and other similar land 
evaluation processes. A background of other existing LESA systems and alternative land 
evaluation systems are evaluated in this chapter.   
 
History of LESA  
Land Evaluation and Site Assessment (LESA) is a rating system created by the USDA 
NRCS to determine whether land is prime for agricultural use. The USDA developed the system 
in 1981 and released a Site Assessment Handbook in 1983 as a model for counties to use for 
counties to preserve agricultural land (USDA Natural Resources Conservation Service, 2011). 
More recently researchers have begun to demonstrate the importance of using GIS with land 
development systems such as LESA (Hoobler, et al., 2003). DeMers et al. considered the 
combination of GIS and LESA systems to be an enhanced agricultural land suitability 
assessment, which aided in visualizing future development trends and environmental 
implications (2003). However, the currently low frequency of automated LESA systems could be 
due to NRCS soil data not being available in GIS format until recently, which was the reason 
ventured by Watkins (2009).  Never the less, the Environmental Systems Research Institute 
(ESRI) has stated that the extension of ArcGIS through (coding) development languages enables 
one to add customized toolboxes with essential operations on geographic data (“A quick tour of 
geoprocessing”, 2010).Therefore, automation is a instrument that should be used for ArcGIS 
land-use planning. In the next section, LESA is examined at the federal level. 
14 
Federal Government and LESA 
The USDA developed the LESA system in 1981, and it was field tested as a pilot 
program in 12 counties across six different states: Florida, Maryland, Illinois, Pennsylvania, 
Washington, and Virginia. After ample testing, the 12 counties recommended the LESA system 
to be introduced nationally to state and local governments. Now it is widely used by local and 
state governments across the United States and as a valuable tool, due to the LESA system’s 
adaptability to fit the specific needs of different municipalities (USDA Natural Resources 
Conservation Service, 2011). The following section includes a review of the LESA system and 
how it has been used at the state level. 
 
LESA at the State Level 
 The LESA system has been adopted by eight states to different degrees as shown in Table 
4. The following review will focus on Pennsylvania and Hawaii. LESA has not been adopted by 
the State of Iowa.  
LESA at the State Level 
Hawaii 
State Wide system. Michigan New Jersey 
West Virginia 
Illinois 
Used as models by local governments so that they can develop their own system. Pennsylvania 
Vermont 
Delaware Collaborated with three counites to create custom LESA systems for them. 
 
Table 4: LESA at the State Level 
Source: (Coughlin, et al., 1994) 
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Pennsylvania 
In Pennsylvania, the Farm Preservation Program, in collaboration with the Pennsylvania 
State University Land Analysis Lab and Cooperative Extension, developed a LESA ArcView 
GIS Application to “streamline and improve the ranking process for evaluating land” (Tunceli, et 
al., 2003). This interface allows users from the public to rank farm parcels in a short amount of 
time. The product is known as FarmMap and it helps farmers evaluate land that they are looking 
to sell or purchase. Instead of local governments using LESA to make land use decisions, as is 
most common, the public is. Project Director Day notes, “FarmMap is expected to keep farmland 
in production that might otherwise convert to development by increasing the visibility (of) 
farmland available for lease or purchase for agricultural use” (Day, 2007). The state of 
Pennsylvania has also worked with three counties to create custom LESA systems (Coughlin, et 
al., 1994). 
 
Hawaii 
Hawaii, which was the first state to adopt the LESA system, uses GIS to perform 
operations and model functions to analyze data spatially. This was chosen over manual mapping 
due to the many advantages that GIS automation provides. Currently Story County uses GIS, but 
does not automate the system. One of these advantages Hawaii’s automation provides is cost-
effectiveness, and another is the ability for GIS automation to update LESA score for the entire 
state more easily and produce new maps for the state faster than manual scoring.  However, some 
of the criteria for Hawaii’s LESA system were not easily mappable because they were not 
accurately defined, so the GIS team had to address this issue (Chapman, 1996).  Story County 
also had criteria that was not easily mappable. Overall, the LESA system has been very 
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successful in Hawaii, and the state’s LESA system has become a prototype for others (Ferguson, 
et al., 1991). In the next section local level LESA systems will be reviewed. 
 
LESA at the Local Level (Counties) 
According to Coughlin, et al., 138 local governments (mostly counties) us the LESA 
system (1994). In both 1883 through 1985 and 1989-1990 use of LESA by local municipalities 
increased rapidly, but have since leveled off (Coughlin, et al. 1994). One aspect of the LESA 
system which is attractive to municipalities is once the LESA system is approved by the Soil 
Conservation Service (SCS), federal projects are required to follow the local LESA version 
(Coughlin, et al. 1994). Three county LESA systems will be focused on in the following 
paragraphs. 
 
Fresno County, California  
Although the LESA system is a progressive step towards the preservation of farmland, 
the use of it can be cumbersome for planners. An example of this is noted in the GIS-Enabled 
California Agricultural Land Evaluation and Site Assessment Model, which describes the 
existing method of using LESA models as “time-consuming” (Watkins, 2009), a problem also 
noted in Story County. Watkins goes on to say that the current system requires has a second 
shortcoming, the LESA system “can introduce bias as well as spatial and classification errors” 
(Watkins, 2009). However, after the automation of the LESA system through a combination of 
GIS and Python Coding, the LESA system was able to “efficiently and effectively” complete 
environmental evaluations (Watkins, 2009). Story County does use GIS technology, but unlike 
Fresno County’s LESA system, Story County’s is not automated . The GIS-Enabled California 
system did have the challenge of retaining consistency with the original manual LESA process. 
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Overall, the automated LESA system greatly enhanced Fresno County planners’ work capability 
and helped to improve agricultural land use decisions (Watkins, 2009). 
 
Black Hawk County, Iowa 
In addition to Story County, other Iowa counties have adopted LESA systems, including 
Black Hawk, Jasper, Johnson, Linn, Marshall, and Muscatine counties (Iowa, 2019). In Black 
Hawk County, the LESA system is used as a growth management tool to carry out the following 
objectives of the Planning and Zoning Department: “to preserve the availability of agricultural 
land, consider the protection of soil from wind and water erosion, encourage efficient urban 
development patterns, lessen congestion on the street or highway, prevent the overcrowding of 
land”, and more (Planning and Zoning, 2020).  Story County similarly uses the LESA system to 
preserve the availability of agricultural land. In 2005, Black Hawk County underwent a study 
that examined a conversion of their excel-based LESA model to an automated system using 
ArcGIS software and Visual Basic Application (a coding language). Visual Basic was used to 
customize their software for specific applications, which resulted in a precise, easy-to-use 
support tool that Dung & Sugumaran (2005) said saves time and money for the planners in 
comparison to their traditional method. While it saved planners both time and money, the 
automation of Black Hawk County’s LESA system did have its limitations. In the automation 
process, the economic components of the land evaluation were ignored. Furthermore, some of 
the data was not readily usable such as sewer and fire/rescue (Dung & Sugumaran, 2005), as was 
the case in Story County with municipal water and municipal sanitary sewer lines.  
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Linn County, Iowa 
A second county in Iowa, Linn County, has also adopted a LESA system to score 
properties based on CSR (Corn Suitability Rating), surrounding land uses, surrounding zoning, 
amount of agricultural use within one mile, and development limitations. Many of the criteria for 
Linn County’s LESA were similar to that of  Story County’s LESA system. Based on the results 
of the LESA score and a second Minimum Levels of Service (MLS) score, a site may be 
approved for a zoning map request (Planning and Development, 2020). In a report written by 
Story County comparing Story county's LESA system to Linn County’s LESA system, it was 
said that Linn County’s LESA is “almost entirely automated by a GIS model…” (LESA: Linn 
County/Story County comparison, 2018). Linn County also had an application form for the 
public with a questionnaire related to the LESA system. Overall, Linn County has followed the 
progressive trend of automation for LESA systems.  
 
Other Land Evaluation Systems  
The LESA model, although widely used, is not the only GIS-automated land-use decision 
model. Some municipalities use aspects of the LESA model, while others use completely 
different systems. To further comprehend the surrounding literature regarding land-use decisions, 
a review of the following non-LESA models will be explored.   
 
ALSE 
One example of a non-LESA model is the Agriculture Land Suitability Evaluator, 
commonly known as ALSE. ALSE was developed by Faculty of Agriculture at the University of 
Putra Malaysia as a planning tool geared toward making land use decisions for tropical and 
subtropical crops. The Agriculture Land Suitability Evaluator (ALSE) evaluates agricultural land 
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suitability for crops in tropical and subtropical regions. This automated system is used to “help 
land planners to make complex decisions within a short period” (Ranya, et al., 2013). Ranya, et 
al. went on to say that ALSE allowed the framework to be standardized, which is an important 
step to reduce partiality that may unintentionally arise in a manual system (2013). Reducing 
partiality aligns with one of the identified goals in this report. Through the advantages seen in 
automation, it is clear that the next step in land use decision making tools is automation.   
 
CRIES 
Another non-LESA system is the Comprehensive Resource Inventory and Evaluation 
System (CRIES). CRIES was developed at Michigan State University to support land evaluation 
and policy analysis (“Gerhardus Schultink”, 2020). This geographic information system uses a 
grid to outline agricultural zones (Skidmore, 2017). The CRIES yield model provides economic 
and physical information based on location (much like the Story County LESA system), and it 
determines comparative advantages between sites. An advantage of using this planning tool is its 
low cost and its ability to predict yields for crop exports (Schultink, et al., 1987). CRIES also 
includes a second agroeconomic information system, known as CRIES-AIS. Like the LESA, 
CRIES was developed for the purpose of land use planning, although CRIES focuses on 
developing countries (Skidmore, 2017). 
 
LUCIS  
The Land-Use Conflict Identification Strategy (LUCIS) Model is a newer (2007) land use 
analysis tool. LUCIS was developed by the Environmental Systems Research Institute (ESRI) 
and is a five step process, which was tested on nine counties in Florida. It investigates 
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demographics, economic data, and existing land use patterns (Carr & Zwick, 2007, p. 7). One of 
the motivations behind the development of LUCIS is the increasing prevalence of sprawl, 
resulting in negative effects such as the loss of “pristine lands” (Carr & Zwick, 2007, p. 7). This 
motivation aligned with the books goal of protecting and conserving open space, natural resource 
areas, and agricultural uses (Carr & Zwick, 2007, p. 225, 229). LUCIS used ModelBuilder to 
help with visualization of the process and to solve geographic problems. ModelBuilder was 
additionally used for its geoprocessing power, which allows for relatively quick results without 
needing to manual rewrite the process (Carr & Zwick, 2007, p. 193). Limitations to the LUCIS 
model are inapplicability in metropolitan areas and the lack of reliable data (Carr & Zwick, 2007, 
p. 201-202). The use of ModelBuilder to automate the code taps into power not readily usable 
with GIS through a manual system. The pairing of ModelBuilder with GIS is what makes the 
LUCIS system so powerful. Unlike the LUCIS system the automated Story County system will 
in this report will use Python Coding instead of ModelBuilder.  
 
Agro-Ecological Zones 
The Agro-Ecological Zones (AEZ) method is a GIS-based land use planning system that 
was originally developed by the Food and Agriculture organization of the United Nations 
(IIASA/FAO, 2012). Now, the system is used by many counties and regions. In this system, data 
regarding yield simulations, land suitability, and productivity evaluations are modeled 
(Skidmore, 2017). The AEZ model provides a standardized framework for its criteria but has the 
limitation of poor quality and reliability of data across different regions (Fischer, Velthuizen, & 
Nachtergaele, 2000). Data limitations also impacted the results of Story County’s LESA system, 
as not all data was readily available.  
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Summary 
The different LESA Models that were examined nationwide and in the state of Iowa 
provide a broad understanding of how LESA and GIS technology can be combined to create  a 
land-use decision-making tool. Much of the literature stresses the need to preserve Agricultural 
land, which is true of Story County's LESA model. Based on the reviewed literature, GIS 
mapping and computer programing are employed to analyze data and make land use decisions 
regarding agriculture. Each computer programing system needs to be tailored to its respected 
areas specific LESA or other land evaluation system. This is also  true for Story County; 
however, a Python site package known as ArcPy will be used. Arcpy, is useful due to Python 
being a general-purpose programming language (“What is Arcpy?”, 2016).  
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CHAPTER 3.    METHODOLOGY 
This chapter provides information on the current manual LESA methods, data needed for 
the LESA system, data organization, and an overview of the Python tools used in the Python 
script. In approaching the automation of the Story County LESA system, a geodatabase was 
required to organize the data which Python scripting leveraged to progress through the eight 
automated steps. To understand Story County’s unique LESA system and steps, it is important to 
first develop and understand  the study area, which is summarized in the next section.1 
 
Current LESA System  
Currently, LESA is scored using a paper-based system to help the planner sum points 
related to each aspect of evaluation, which consists of two primary parts: The Land Evaluation 
(LE) and the Site Assessment (SA). The Land Evaluation (LE) rates a property’s soil 
productivity based on the county’s Site Value. The Site Value is the county’s specialized score to 
determine the cropland productivity of the soil. Land Evaluation scores, which range from 0-100, 
are assigned to the soil groups present on a site. The values are based on Corn Suitability Rating 
(CSR) scores which is provided by the United States Department of Agriculture Natural 
Resource Conservation Service (USDA-NRCS) Soil Survey data. The Site Assessment (SA) 
accounts for additional site factors such as surrounding agricultural land, current land use of the 
site, proximity to agricultural support services, proximity to urban boundaries, proximity to 
water lines, proximity to sanitary sewer lines, and proximity to public transportation (Cy-Ride or 
other publicly available transportation). These factors contribute to the quality of a site for 
 
1. Disclaimer: Each LESA System is set up specifically to meet the unique characteristics of a specific municipality. 
Therefore, the following methodology will apply exclusively to Story County, although automation practices could 
be adapted to serve other municipalities.  
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agricultural use or compatibility with non-agricultural development. Points for each factor are 
weighted and summed to receive the Site Assessment (SA) value. The Site Assessment (SA) 
value ranges between 0-200 points. When the Land Evaluation (LE) and Site Assessment (SA) 
are combined a range of 0-300 points are possible, and this is the total Land Evaluation Site 
Assessment (LESA) score. The higher the point value a site receives, the more likely the site 
may be suited to an agricultural use and therefore likely will continue to be so. 
In order to further understand the current manual LESA system, the 11- step process will 
be examined (Sample LESA Worksheet, 2020). The LE section consists of one evaluation 
criterion, whereas, the SA contains 10 evaluation criteria, for a total of 11-steps. In the current 
process, a score summary sheet (see Figure 4) is used to help the planner evaluate the proposed 
parcel. When a step is manually completed by a Story County planner, a score representative of 
the planner’s assessment is entered into the “points” column, multiplied by its ‘weight’ to arrive 
at the new value in the “LE/SA Score” column. Once all 11 steps are completed, the individual 
scores are added to arrive at the final LESA Score.  
 Each of the 11 steps involves their own manual process, which is scored in the LESA 
Score Summary Sheet (see Figure 4). In the following section, each of the 11 manual steps are 
discussed in detail. Each step includes an action step by a planner, an explanation of the step, and 
the reasoning behind its inclusion in the LESA process. 
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Source: (Sample LESA Worksheet, 2020) 
 
Development of the LESA website for Story County 
The author worked as an intern with Story County Planning and Development during 
2019-20. During this time, he was instrumental in developing a dedicated webpage for the LESA 
system for Story County (https://www.storycountyiowa.gov/1428/LINK-Sample-LESA-
Worksheet) The appropriate terminology to most accurately describe how LESA steps were 
reviewed and discussed in various planning meetings within the department. The following 
section includes explanation of the system that was developed (Sample LESA Worksheet, 2020).  
 
Figure 4: Unofficial LESA Score Summary Sheet with Maximum Values 
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Land Evaluation  
Average Site Value 
  
In this step, the planner determines the soil types present on subject property, their 
agricultural group, slope, and total size. The availability of productive soil is a major factor 
contributing to a LESA score. Less productive soil may be better suited for non-agricultural 
purposes and a lower score would be assigned. The productivity of soil is determined from the 
Corn Suitability Rating (CSR) for soil groups present on the subject property. The CSR data is 
made available by the United States Department of Agriculture Natural Resource Conservation 
Service Soil Survey.  For most properties in Story County, the Land Evaluation (LE) score is 
calculated by an automated script that uses the CSR data and parcel boundary data in a 
Geographic Information System (GIS) to calculate a weighted average for every parcel. Other 
properties that have recently been divided do not always have CSR data. A sample of the tables 
that planners use is given below.  
Soil Type Agricultural Group Slope Range Acres 
        
        
        
 
Table 5: Determine Soil Types 
 
Agricultural Group Relative Value (a) Acres (b) Weighted Relative 
Value = (a)(b) 
        
        
        
Average Site Value (d/c) =  
Table 6: Weight Soil Types Based on Agricultural Group, Quantity, and Relative Value 
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Site Assessment   
Area in Agriculture within One Mile of Site 
 
In this step, the percentage of land that is in agriculture within one mile of the subject 
property is determined by using geospatial mapping to locate surrounding parcels and identify 
their property tax classification. This factor indicates the character of an area. More agricultural 
land within one mile of the subject property increases the LESA score as non-agricultural 
development may be not be compatible with the surrounding area. Points are assigned based on 
the below schedule.  
 
Action of the Planner: The planner begins with ten points and discount points according to the 
following schedule. 
 
Land Use Category Approximate Number of 
Acres 
Approximate % of Total Area 
Non-Agricultural   
Agricultural   
Total    
 
Table 7: Calculate Percent of Land in Agriculture  
 
 
Percent of Area in Agriculture Points 
0-24 1 
25-39 2 
40-44 3 
45-49 4 
  5 
6 
50-54 7 
55-59 8 
60-74 9 
75-100 10 
Table 8: Percent of Area in Agriculture Score 
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Land in Agriculture Adjacent to Site 
 
This factor accounts for the use of adjacent parcels. Adjacent parcels include those that 
are laterally or diagonally adjacent to the subject property, excluding roads. Subject properties 
that have adjacent, non-agricultural land uses may generally be more prime for non-agricultural 
development and having similar, adjacent land uses may reduce conflicts between non-
agricultural development and agricultural practices. Points are deducted for adjacent non-
agricultural uses, resulting in a lower LESA score. For this factor, agricultural land includes 
unmanaged woodlands and pastureland.  
 
Action of the Planner: Begin with ten points; discount points according to the following 
schedule. 
 
Figure 5: Adjacent Agriculture Land 
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Adjacent Zoning 
 
This factor accounts for the zoning of adjacent parcels. Adjacent parcels include those 
that are laterally or diagonally adjacent to the subject property, excluding roads. Subject 
properties with non-agriculturally zoned adjacent parcels  points to be deducted from this 
factor’s score. This factor differs from SA-2.0 Land in Agricultural Adjacent to Site as it also 
accounts for when non-agricultural uses are permitted on adjacent parcels, not just the current 
use of a parcel.  
 
  
Action of the Planner: Begin with ten points; discount points according to the following 
schedule.  
 
Figure 6: Adjacent Agricultural Zoning 
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Agricultural Support Systems/Services 
 
In this step the feasibility of farming is measured. The feasibility of farming the subject 
property based on its proximity to agricultural support systems and services: farm-implement 
dealers, grain elevators, farm supplies, fertilizer co-ops, and farm to market roads. Subject 
properties that are not near agricultural support systems and services receive lower scores, as 
they are generally less prime for agricultural use. 
  
Begin with ten points; discount points according to the following schedule (mark all that apply): 
  
  Discount three points for no farm-to-market road within two miles. 
  Discount two points for no grain elevator within six miles. 
  Discount one point for no fertilizer depot within two miles. 
  Discount one point for no farm implement sales/service within twelve miles. 
 
Table 9: Support Systems/Services Score 
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Land Use Compatibility 
This factor first identifies if the subject property is in agricultural use, and second, 
determines its compatibility with the Story County Cornerstone to Capstone (C2C) 
Comprehensive Plan Future Land Use Map.  The C2C Future Land Use Map designates areas 
where non-agricultural development is considered a compatible Future Land Use, including in a 
Rural Residential Area, Rural Village Area, Commercial-Industrial Area, or areas designated 
Urban Expansion Areas. A lower score is assigned if a subject property is not in agricultural use 
and is not designated for a future agricultural use. 
 
Action of the Planner: Is the site currently in an agricultural use?  
 
If yes: Is maintaining the subject property in an agricultural use compatible with the Story 
County C2C Comprehensive Plan Future Land Use Map? 
o Yes.  The subject property is designated Agricultural Conservation Area or Natural 
Resource Area on the Story County C2C Comprehensive Plan Future Land Use 
Map.  Or, if within two miles of a city that has planned for land use beyond its 
boundaries, the subject property has been assigned a designation on the city’s 
extraterritorial plan roughly equivalent to these C2C Future Land Use Map 
designations.  Assign 10 points. 
o No.  The subject property is assigned a designation different than those above.  
Assign 5 points. 
  
If no: Is non-agricultural development of the site compatible with the Story County C2C 
Comprehensive Plan Future Land Use Map? 
o Yes.  The subject property is designated on the Story County C2C Comprehensive 
Plan Future Land Use Map as Rural Residential Area, Rural Village Area, 
Commercial-Industrial Area or designated Urban Expansion Area.  Or, if within 
two miles of a city that has planned for land use beyond its boundaries, the subject 
property has been assigned a designation on the city’s extraterritorial plan 
accommodating non-agricultural development.  Assign 0 points. 
o No.  The subject property is designated Agricultural Conservation Area or Natural 
Resource Area on the Story County C2C Comprehensive Plan Future Land Use 
Map.  Or, if within two miles of a city that has planned for land use beyond its 
boundaries, the subject property has been assigned a designation on the city’s 
extraterritorial plan roughly equivalent to these C2C Future Land Use Map 
designations.  Assign 10 points. 
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Distance to Built-Up Area 
 
"Built-Up Area" is the area inside of a municipal boundary. Subject properties adjacent to 
or near municipal boundaries may be located in transitional areas--moving from agricultural land 
uses to more non-agricultural land uses--and may be more prime for non-agricultural 
development. Further, the impact on agricultural and rural areas is minimized when development 
occurs near established urban areas. Having close proximity to a municipal boundary reduces the 
number of points that are assigned to the subject property.  
  
Action of the Planner:  Measure the straight-line distance from the subject property to the 
nearest municipal boundary and assign points according to the following schedule: 
 
Distance Points 
0 – 1/16 Mile 0 
>1/16 – 1/8 Mile 1 
>1/8 – 1/4 Mile 2 
>1/4 – 3/8 Mile 3 
>3/8 – 1/2 Mile 4 
>1/2 – 3/4 Mile 5 
>3/4 – 1 Mile 6 
>1 – 1 1/4 Mile 7 
>1 1/4 – 1 1/2 Mile 8 
>1 1/2 – 2 Miles 9 
>2 Miles 10 
 
Table 10: Distance to Built-Up Area Scoring 
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Compatibility of Site for Agricultural Use 
 
This factor first identifies if the subject property is in agricultural use, and second, 
determines the subject property’s compatibility for continued agricultural use. Subject properties 
currently in agricultural use and that are viable for continued agricultural use will score higher 
than those that are not in agricultural use or not viable for continued agricultural use. Subject 
properties not currently in agricultural use are further evaluated for environmental factors such as 
the floodplain, and natural vegetation, which may increase the number of points assigned. 
  
Action of the Planner:  Is the site currently in an agricultural use? 
 
If yes: Is the site compatible/viable for continued agricultural use based on:  ownership, size, 
configuration, topography, and productivity?  (Complete the sheet on the next page to determine) 
  
o Yes.  Assign 10 points. 
o No.  Assign 5 points. 
  
If no: Begin with 0 points.  Add one point for impacts of development on the following 
environmental factors: 
 
o Floodplain/wetlands (source:  FEMA Flood Hazard Boundary Map 
designation as floodway or floodway fringe) 
o Open space network (source:  subject property is designated Natural Resource 
Area on the Story County C2C Comprehensive Plan Land Use Framework 
Map) 
o Vegetation/wildlife habitat (source:  recent aerial photography) 
o 50% or more of subject property soils with severe limitations for dwellings 
with basements and/or septic tank absorption fields (source:  SCS Soil Survey) 
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Compatibility of Site for Agricultural Use 
 
This subsection provides further guidance on evaluating whether the subject property is 
compatible with continued agricultural use as part of the previous SA. This documentation 
assists to identify factors such as ownership of adjacent land, the size of subject property, site 
configuration, topography, and soil productivity to determine the compatibility of the subject 
property for continued agricultural use. Considerations include: 
• Large parcels are better suited for efficient farming practices 
• Adjacent ownership will increase the compatibility for agricultural use 
• Regular-shaped tracts (square) with unbroken surfaces (no gullies, drainage ways, other 
natural features) will be more compatible for agricultural use 
• Small slopes will increase the compatibility for agricultural use 
• Productive soil will increase the compatibility for agricultural use	
  
Action of the Planner:   
 
Ownership: Does the current owner own adjacent land? 
o Yes 
o No 
Size: (inclusive of road or utility easements, rights-of-way) 
o Not viable (less than five acres) 
o Viable for limited agricultural uses (5-20 acres) 
o Viable for most agricultural uses (21-40 acres) 
o Viable (more than 40 acres) 
Configuration of Tract (mark all that apply) 
o Regular-shaped tract 
o Irregular-shaped tract 
o Unbroken surface area 
o Surface area broken by vegetation, gullies, uncrossable drainage ways, etc.  
Topography/Slope (percent of site) 
o Viable (0-9% - B, C slopes) 
o Special management required (9-14% - D slope) 
o Severely limited (14% and above) 
Productivity 
o Average site value score from Part 1:  [  #  ] 
 
Comments: 
o Are there any existing investments in agricultural or conservation improvements?   
o Is the land enrolled in any governmental programs?  Environmental factors? 
 
 
34 
Distance to Municipal Water System 
 
 In Story County, municipal water systems are usually located within incorporated areas. 
Municipal water systems include water treatment, water storage, and the water pipe network for 
distribution. In municipalities where municipal water system data does not exist, the municipal 
limits are used. Proximity to a municipal water system reduces the number of points that are 
assigned to the subject property. Proximate areas may be more prime for non-agricultural 
development that requires access to city services or are areas that are have transitioned from 
agricultural to other non-agricultural uses. 
  
Action of the Planner:  Measure the straight-line distance from the subject property to the 
municipal limits or the municipal water system and assign points according to the following 
schedule.  Rural water is not a municipal water system. 
 
 
Distance Points 
Water main extended to site 0 
0-99 feet 1 
100-149 feet 2 
150-199 feet 3 
200-299 feet 4 
300-399 feet 5 
400-499 feet 6 
500-659 feet 7 
660-989 feet 8 
990-1320 feet 9 
>1320 feet 10 
 
Table 11: Distance to Municipal Water System Scoring 
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Distance to Municipal Sanitary Sewer System  
Municipal Sanitary Sewer Systems are generally located within city limits and extended 
to areas that are in close proximity to existing development. The availability of a municipal 
sewer system may indicate urban expansion and where growth can be supported by 
infrastructure. In municipalities where municipal sanitary sewer system data does not exist the 
municipal limits are used. Having close proximity to a municipal sanitary sewer system reduces 
the number of points that are assigned to the subject property as they may be more prime for 
non-agricultural development that requires access to city services or are areas that have 
transitioned from agricultural to other non-agricultural uses.  
  
Action of the Planner: Measure the straight-line distance from the subject property to the 
municipal limits or the municipal sanitary sewer system and assign points according to the 
following schedule. 
  
Distance Points 
Sewer main extended to site 0 
0-99 feet 1 
100-149 feet 2 
150-199 feet 3 
200-299 feet 4 
300-399 feet 5 
400-499 feet 6 
500-659 feet 7 
660-989 feet 8 
990-1320 feet 9 
>1320 feet 10 
 
Table 12: Distance to Municipal Sanitary Sewer System Scoring 
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Availability of Municipal Public Transit 
 
The location of industrial, commercial, and residential uses in close proximity to existing 
municipal public transit often results in more efficient movement of people, and is a factor in 
considering if a non-agricultural development is appropriate for an area. Having close proximity 
to municipal public transit reduces the number of points that are assigned to the subject 
property.  
 
Action of the Planner: Measure the straight-line distance from the subject property to the 
nearest public transit features according to the following schedule. Municipal public transit is 
interpreted to be only public fixed route transit service (currently available only within the City 
of Ames). 
 
Distance Points 
Site on transit line with stop scheduled 0 
Site on transit line with no stop scheduled 1 
Transit line within 164 feet 2 
Transit line within 165 – 329 feet 3 
Transit line within 330 – 399 feet 4 
Transit line within 400 – 499 feet 5 
Transit line within 500 – 659 feet 6 
Transit line within 660 – 989 feet 7 
Transit line within 990 – 1319 feet 8 
Transit line within 1320 – 2640 feet 9 
Transit line > 2640 feet (1/2 mile) or not available 10 
 
Table 13: Availability of Public Transit Scoring 
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Data  
The data used to automate the LESA system (Table 14) comes from the Story County 
GIS Department, Story County Planning and Development Department, and the City of Ames 
Planning and Housing GIS Department. The data necessary to complete an automated LESA 
system includes point, polygon, and line feature classes. All feature classes were loaded into the 
project File Geodatabase. The feature classes all use the projected coordinate system 
(NAD_1983_StatePlane_Iowa_North _FIPS _1401 _Feet). Fertilizer Depots were excluded from 
the data maps due to security concerns.  
 
The following 12 feature classes are necessary:  
• Story County Parcels 
• Average Soil Site Value 
• Story County Future Land Use 
• Ames Fringe Future Land Use 
• Urban Growth/Rural Village Area 
• Natural Resource Area 
• Built-Up Areas (City Boundaries) 
• Farm-to-Market Roads 
• Fertilizer Depots 
• Grain Elevators 
• Farm Implements 
• Transpiration Systems (CyRide) 
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Table 14: Feature Classes and Supplementary Information 
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Data Maps 
 The following maps represent the data used to automate the LESA system. Each map 
plays an important role in determining the appropriate score for each parcel.  Figure 7 displays 
the parcel data for Story County. Important information regarding the current property class is 
contained within the parcel data.  This information is used for the percent of area in agriculture 
within one mile of the site step and the land use compatibility step. Figure 8 includes the average 
soil site value, which is used to determine the LE score. 
 
            
     
 
Continuing in Figure 9, Agriculture support data is displayed in Figure 9. This data shows 
the location of agricultural support systems and services such as grain elevators, farm implement 
services, farm-to-market roads, and fertilizer depots. Due to public safety concerns speculated by 
Figure 8: Avg. Soil Site Value Data, 2019 
0                                       100  
Figure 7: Parcel Data for Story County, 2019 
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Story County planners, data for fertilizer depots is not pictured. Agricultural support data was 
used for the automation of the agricultural support systems/services step in the LESA system. 
Figure 10 contains numerous data files for the land use compatibility step. 
 
            
 
 
 
 
 
 Figure 11 presents data showing the 15 urban built-up areas. This data is used in a 
multitude of steps, including distance to urban built-up-area, distance to municipal water system, 
and distance to municipal sanitary sewer system. Lastly, Figure 12 includes data for the 
availability of public transit. Currently, CyRide, which resides in the City of Ames, is the only 
public transit in Story County.  
 
 
 
 
 
Figure 9: Agricultural Support Data, 2019                 Figure 10: Land Use Data, 2019 
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Data Organization 
For the Python Code to run smoothly to complete the LESA system, the above data needs 
to be easy to access and  be well organized. To do this, a LESA File Geodatabase (LESA.gdb) 
was created to store the 12 feature classes. A geodatabase is “a collection of files in a folder on 
disk that can store, query, and manage both spatial and nonspatial data” (“What is a 
geodatabase?”, 2019). File geodatabase has many benefits, as outlined in by “What is a 
geodatabase?” (2019), but the main benefits that will be utilized in the LESA automation process 
are improved speed, optimized performance, and the ability to perform spatial query on files 
(Childs, 2009). Figure 13 shows a computer screen image of the LESA File Geodatabase and its 
stored feature classes.   
 
Figure 12: CyRide Route Data, 2019 
 
Figure 11: City Limit Data, 2019 
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Figure 13: LESA File Geodatabase, for Feature Class Storage 
 
 
Python Code Design  
Python code was used to automate eight steps in the LESA workflow. The eight 
automated steps will complete the Land Evaluation (LE) portion and a section of the Site 
Assessment (SA) portion. Automation has been done by coding various GIS tools and functions, 
which is known as geoprocessing and is a used to manage GIS data. Through geoprocessing, the 
Python script will manipulate spatial data to produce a score. The geospatial tools that the Python 
uses includes data extraction, buffering, near analysis, intersects, joins, dissolves, and field 
calculations (this is not an exhaustive list). Python scripting was utilized is due to the limitations 
of tools in ArcGIS model builder. ArcGIS model builder has limitations when it comes to 
complex if-then branching and lacks the ability to effectively use a cursor to manipulate rows in 
an attribute table. Due to Python’s flexibility, Python scripting will be used to create customized 
geoprocessing tools, complete calculations inside attribute tables, and calculate new values based 
on existing attribute values. This is known as data preprocessing and is important in ensuring the 
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attribute tables are correct. Once the Python script has been run and the data determined by the 
scrip imported to ArcGIS, planners can label and symbolize the data for their analysis/results.  
 
Python Tools Used 
 A variety of ArcPy geoprocessing tools are available in Python, as well as functions, 
classes, and modules (“A quick tour of ArcPy”, 2016). When executed, geoprocessing tools 
return a result object, which often times includes a file path to the output, or a value, as well as 
other information about tool execution, such as total execution time. A brief overview of the 
capability of selected key geoprocessing tools will be described. This is not a comprehensive list 
of all geoprocessing tools utilized.  
 
arcpy.AddField_management  
 The arcpy.AddField_management was used in the script to add new fields to the parcel 
attribute table. The new fields included spatial analysis data and scores (“Add Field”, 2016). 
When using arcpy.AddField_management, one needs to specify the table path which it is going 
to, the field name, and the field type. Figure 14 illustrates an example of 
arcpy.AddField_management adding a “LONG” field type to the Feature Class. LONG field 
types hold whole numbers between -2,147,483,648 and 2,147,483,647. In this specific example, 
“NEAR_CITY” is being added to store the value for distance from a site to a Built-Up Area. 
  
 
Figure 14: Adding Field Name “Near_City” to the Feature Class Attribute table. 
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arcpy.Near_analysis 
The arcpy.Near_analysis determines the distance from the input feature to a near feature. 
The arcpy.Near_analysis tool can be used for point features to point features, point to polygon 
features, mixed feature types, or point to line features like the Figure 15 example (“Near”, 2016). 
The arcpy.Near_analysis was instrumental in determining scores for five distance related LESA 
steps.  
 
 
Figure 15: Illustration of arcpy.Near_analysis   
Source: (“Near”, 2020) 
 
arcpy.da.UpdateCursor: 
 The arcpy.da.UpdateCursor is able to read and write to records in a feature class or table 
(“UpdateCursor”, 2019). This ArcPy geoprocessing tool was used frequently throughout the 
Python script to iterate through each Story County parcel row and update the row with new data. 
Using the tool requires a path, such as a feature class, and field names. One can also use tokens, 
such as “SHAPE@AREA” instead of a field name to gather information. “SHAPE@AREA” 
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provides the feature’s area. In the example below (Figure 16), arcpy.da.UpdateCursor is used to 
update a temporary feature class by multiplying the soil site value  “SiteValue” by its  
“SHAPE@AREA” to receive an average area “AvgArea”.    
 
 
Figure 16: Updating a Temporary Feature Class Using arcpy.da.UpdateCursor 
 
arcpy.Clip_analysis: 
 The arcpy.Clip_analysis geoprocessing tool (Figure 18) cuts a feature class based on a 
second feature class (“Clip”, 2016) This removes sections of the input feature class that do not 
fall within the boundaries of the second feature class. One example of this geoprocessing tool’s 
use is clipping Ames Urban Fringe data to Story County (Figure 17), since some of Ames Urban 
Fringe future land use spills over into the adjacent county, Boone.  
 
 
Figure 17: Clipping Ames Urban Fringe Feature Class to Story County 
 
Figure 18: Illustration of the Clip Tool 
Source: (“Clip”, 2016)  
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arcpy.Intersect_analysis: 
 The arcpy.Intersect_analysis geoprocessing tool will write an output of the area where 
multiple features overlap (Figure 19). All of the feature classes within the overlapping area will 
be written into the new output (“Intersect”, 2016). The ability of arcpy.Intersect_analysis to 
combine overlapping feature classes was used to combine data for simple calculations and 
analysis throughout the python script.  
 
Figure 19: Illustration of arcpy.Intersect_analysis 
Source: (“Intersect”, 2016) 
 
 
Geometry Objects 
 Geometry objects are not geoprocessing tools; however, they can be used with them to 
assist in geoprocessing. Geometry objects simplify workflows by acting as the input and the 
output (“Geometry”, 2016). In the script, geometry objects were used to determine a one mile 
buffer around each parcel, and the one mile agricultural buffer. Figure 20 below shows the 
geometry object, geom, with the buffer method (with distance) to create a one mile buffer around 
each of the parcel polygons. 
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Figure 20: Geometry Object One Mile Buffer 
 
arcpy.Select_analysis: 
 The arcpy.Select_analysis geoprocessing tool is used to extract features from a feature 
class (or layer) using a Structured Query Language (SQL) expression (“Select”, 2016). It then 
stores the extracted features in an output feature class. The arcpy.Select_analysis tool was used 
to selected agricultural land within one mile of each parcel, as seen in Figure 21.  
 
 
Figure 21: Selecting Agricultural land in Story County 
 
Summary of Tools: 
Additional ArcPy geoprocessing tools were used in the LESA Python Script. Oher tools 
played roles in data management, coding efficiency, and removal data.  Using  geoprocessing 
tools in Arcpy allowed for tasks eight manual tasks to become automated. In total, 14 
geoprocessing tools were used in the creation of the LESA Automation Python Script.  
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CHAPTER 4.    IMPLEMENTATION 
Python Scripts 
The version of Python used for the Story County LESA is Python 2.7.15, which 
is compatible with ArcGIS 10.3.1. Python coding has the ability to increase the flexibility 
of ArcGIS and allow the script creator to customize tools (Figure 22).  Python coding was also  
 
 
Figure 22: Customized LESA Automation Tool 
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used in the eight Story County LESA steps to loop through 42,000+ parcels in Story County, a 
task which would take an immense amount of time to manually complete. As the Python code 
iterates through the 42,000+ parcels in Story County, it correspondingly evaluates each parcel 
based on specific commands. A custom script tools was created for the eight steps (Figure 22) 
and added to the LESA Toolbox (Figure 23). Like all other tools in GIS, a custom script  
tool can be used independently or in a model workflow. The purpose of adding the Python script 
to the LESA Toolbox is to make the script more user-friendly to planners who are comfortable 
using GIS, but not Python.  
 
 
Figure 23: LESA Toolbox 
 
Automated Process 
The following eight steps were automated using Python coding:   
 
1. Average Site Value 
2. Percent of Agriculture Within One Mile of Site 
3. Agriculture Support Systems/Services   
4. Distance to Urban Built-Up Area  
5. Land Use Compatibility  
6. Distance to Municipal Water System  
7. Distance to Municipal Sanitary Sewer System    
8. Availability of Public Transit   
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Average Site Value 
The Average Site Value is the first step in the LESA system. It consists of the entire Land 
Evaluation (LE) of the LESA for Story County. The first step in the Average Site Value 
automated section is to intersect the soil’s feature class and the parcel’s feature class. Once they 
are intersected, an additional field containing average area (“AvgArea”) is added to the attribute 
table. Next, the soil value (“SiteValue”) and the area are multiplied to update the new row. This 
process iterates through the 42,000+ parcels. Next, the multiple average area values for each 
parcel are added together and consolidated to each parcel through a dissolve. A dissolve 
combines features based on a specific attribute. Once the dissolve is complete, the weighted 
average column “awa” is added to the attribute table. Finally, the sum of the average area for 
each parcel is divided by the area of the parcel it is contained within. The result is the weighted 
average soil score. The average soil score is then updated into the “awa” column and joined to 
the final parcel attribute table. All temporary feature classes and columns are deleted. The 
calculation of Average Site Value/the LE score using this script is able to produce results for all 
parcels. This automation is expected to save Story County planners time. 
 
Percent of Agriculture Within One Mile of Site  
 
The percent of agriculture within one mile of site step is the second step in the LESA 
system, and the first step in the SA section. A script was written to calculate the total area within 
one mile, as well as to calculate the total agricultural land area within one mile. To calculate the 
total area in one mile, an update cursor iterated through the parcel data setting each row to a 
geometry object (“SHAPE@”). From there, the geometry objects are buffered by 5,280 feet, or 
one mile. This one mile buffer is also a geometry object. Next, the original geometry object is 
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subtracted from the buffered geometry object resulting in the total one mile area surrounding the 
parcel. The value is then stored in an attribute table column (“T_Buffer”) for each row. Next, to 
find the area in agriculture within one mile of a site, all of the agricultural land was selected in 
Story County. The previously created one mile buffer is then clipped to the selected agricultural 
land, and the parcel lines are dissolved. If the original parcel was non-agricultural, its area should 
not be subtracted from its total because it has already been removed in the agricultural select. 
However, if the area was in agricultural use it should be subtracted from the total agricultural 
land. Therefore, if the dissolved agricultural land included the original parcel it was given a 
value of one. If not, it was given a value of zero. For every value of one, the original geometry 
object parcel was subtracted from the total agricultural land geometry object. For values of zero, 
the agricultural geometry object remained the same. The values were then stored in the attribute 
table under the column (“AgBuffer”). Finally, using an update cursor, the agricultural area within 
one mile was divided by the total area within one mile and multiplied by 100, yielding the 
percent of area within one mile in agriculture. Each area percent was assigned a score based off 
of a percentage of agricultural land range. 
 
Agriculture Support Systems/Services  
 The Agriculture Support Systems/Services measured the feasibility of farming based on 
of four agriculture support systems/services: farm-to-market roads, grain elevators, fertilizer 
depots, and implement sales/services. Therefore, the script consisted of four parts. The four 
agriculture support systems were scored based on their distance to the site. If a site did not fall 
within a certain distance, points were deducted. Each script section used the near analysis tool to 
determine the distance between parcels and the agricultural support system/service. This value 
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was updated into a column into the parcel attribute table. Next, a score was assigned based on a 
different distance ranges.   
 
Distance to Urban Built-Up Areas  
 Distance to Urban Built-Up Areas measures the distance to city limits in Story County. 
Like the previous code, this section uses the near analysis tool to determine distance from each 
parcel to the nearest city limit. The distance is stored in the attribute table, and from it the 
distance score is determined.  
 
Land Use Compatibility 
 The Land Use Compatibility step utilizes data from many different sources: Natural 
Resource Areas, Urban Growth/Rural Village Areas, Ames Fringe Future Land Use, Story 
County Future Land Use and Story County Current Land Use. Consequently, the layers need to 
be intersected and clipped to the same area. Furthermore, the Ames Fringe Future Land Use area 
must be erased from the Story County Future Land Use area so that the two do not conflict. 
Likewise, Natural Resource Areas and Urban Growth/Rural Village Areas must be erased from 
the Story County Future Land Use. Once the data is all compiled in one feature class, the data 
must be dissolved by the Parcel ID. This ensures that parcels will not have more than one value 
assigned to them. Next, a new column is added to the attribute table, and an update cursor 
iterates through the parcel data and updates the row with values depending on if else statements 
related to the dissolved data. When doing this, first, the update cursor determines if the land is in 
agricultural use, as defined by the most recent property class data. If land is in agricultural use, 
the update cursor determines if future agricultural use or a natural resource area is assigned to the 
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parcel. If true, the parcel receives ten points. If false, the parcel receives five points. However, if 
the parcel is not currently in agricultural land, the update cursor determines if the future land use 
is designated as agriculture or a natural resource area. If yes, the parcel receives a score of five. 
If no, the parcel receives a score of zero. Once completed, the new column is joined to the final 
parcel data set.  
 
Distance to Municipal Water System  
Distance to Municipal Water System measures the distance to city limits in Story County 
from all parcels, once Story County has updated the Municipal Water System data the city limit 
data should be exchanged for Municipal Water System data. Like the previous code, this section 
uses the near analysis tool to determine distance from each parcel to the nearest city limit. The 
distance is stored in the attribute table, and from it a score is determined. 
 
 Distance to Municipal Sanitary Sewer System   
Distance to Municipal Sanitary Sewer System measures the distance to city limits in 
Story County from all parcels. Similar to the previous step for Municipal Water Systems, once 
Story County has updated the Municipal Sewer System data, the city limit data should be 
exchanged for Municipal Sewer System data. Like the previous code, this section uses the near 
analysis tool to determine distance from each parcel to the nearest city limit. The distance is 
stored in the attribute table, and from it the distance a score is determined.  
 
Availability of Public Transit   
Availability of Public Transit measures the distance to Public Transit in Story County 
from all parcels. Currently CyRide is considered the only public transit system in Story County. 
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Like the previous code, this section uses the near analysis tool to determine distance from each 
parcel to the nearest CyRide bus route. The distance is stored in the attribute table, and based on 
the distance a score is determined. If CyRide changes its routes the new bus routes will need to 
replace the old ones. 
 
Scoring  
 
When scoring the automated results, the individual scores were added up and updated 
into the Parcel’s attribute table. Additional columns were added in the attribute table 
to calculate the weighted value of each score, the total LE score, the total Automated SA score, 
and the total Automated LESA score. Having a common attribute table to store makes the scores 
easy for Story County planners to locate.   
 
Automated/Manual Process 
Due to the complexity of Story County’s LESA model, some aspects of the process 
remain best suited to be carried out manually by the Story County planners. These aspects 
involve scoring adjacent zoning and adjacent land use, which is currently unable to be coded. A 
third aspect, which is unable to be performed by code, is compatibility of site for agriculture, 
which needs a trained planner’s judgment regarding many factors including size, easements, 
configuration of tract, topography, and vegetation. These factors have no assigned weighted 
value, and because they have no assigned value, they cannot easily be analyzed using Python 
coding. Although the entire process is not automated, the sections of the LESA model that are 
automated will assist the planners in Story County by saving them time and providing them with 
consistently accurate data. Figure 24 shows the breakdown between the automated and the 
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manual process. Figure 25 provides a new scoring sheet for planners to utilize, which considers 
the automated and manual score. 
 
 
 
Figure 24: Automated Process and Manual Process Workflow 
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AUTOMATED:	
	 	 	
PART	ONE	(LAND	EVALUATION) POINTS WEIGHT	
FACTOR 
LE	SCORE 1.0							Average	Site	Value 100	Max. 1 100	Max. 
PART	TWO	(SITE	ASSESSMENT) POINTS WEIGHT	
FACTOR 
SA 
SCORE 1.0							Percent	of	Area	in	Agriculture	within	One	Mile	of	Site 10	Max. 3 30	Max. 4.0							Agriculture	Support	Systems/Services 10	Max. 2 20	Max. 5.0							Land	Use	Compatibility 10	Max. 2 20	Max. 6.0							Distance	to	Urban	Built-Up	Area 10	Max. 2 20	Max. 8.0							Distance	to	Municipal	Water	System 10	Max. 1 10	Max. 9.0							Distance	to	Municipal	Sanitary	Sewer	System 10	Max. 1 10	Max. 10.0				Availability	of	Municipal	Public	Transit	 10	Max. 1 10	Max. 
	
AUTOMATED	SCORE	 	220	Max.		
	
MANUAL:	 	 	 	
2.0							Land	in	Agriculture	Adjacent	to	Site	 10	Max.	 3	 30	Max.	3.0							Adjacent	Zoning	 10	Max.	 3	 30	Max.	7.0							Compatibility	of	Site	for	Agricultural	Use	 10	Max.	 2	 20	Max.	
	
MANUAL	SCORE 
	
80	Max. 
	
AUTOMATED	SCORE		+	MANUAL	SCORE	=		
	
TOTAL	LESA	SCORE 
	
300	Max. 
Figure 25: Automated/Manual LESA Scoring Sheet 
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CHAPTER 5.    RESULTS AND ANALYSIS 
LESA Results 
Through the automation of the eight out of the eleven steps, the first goal of developing a 
system or technology driven process for land evaluation and site assessment for  Story County 
planners was completed.  This is expected to reduce the time it takes them to complete property 
research for the determination of land use decisions.  
A second important goal of automating eight of the eleven LESA steps was to provide 
Story County planners with the ability to perform spatial context analysis. Spatial context 
analysis can help Story County planners discern patterns in the automated LESA data. Through 
the scoring of every parcel in Story County, planners will be able to perform spatial context 
analysis, as they can identify areas that are more suited for either development or conservation. 
This will assist in future land use mapping. Moreover, Story County planners will be able to 
observe where the highest automated value of agricultural land is located.  
The third goal which is not directly related to Story County is the contribution this project 
could make to guide other counties in Iowa in  automating of their own LESA system. This could 
be accomplished by using the detailed documentation of  the process of automating the eight 
steps, and by providing the automated LESA code for other planners to analyze and adapt.  
Toward accomplishing  the major goals of this report, three objectives were identified. 
The first objective, of developing a Python code to automate eight LESA steps was 
accomplished by the detailed description of the coding process in the report The second objective 
of creating a Story County attribute table with key information related to the automated portion 
of the LESA was completed through the automation of the eight LESA steps and will be further 
explored in the “Attribute table Results” portion of this script. The last objective, to provide 
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directions for planners to utilize the Python Script by creating a tool for ArcTool box., was also 
completed and the details presented under the “User Instructions” section, which will guide Story 
County planners in running the Python Script.  
 
Comparison to Manual 
During the comparison of the five automated scores and the five manual scores, no 
deviation in scoring was seen in seven of the eight factors. The steps that had no deviations were 
“average site value”, “agriculture support systems/services”, “land use compatibility”, “distance 
to urban built-up area”, “distance to municipal water system”, “distance to municipal sanitary 
sewer system”, and “availability of municipal transit”. However, the one step that did have a 
deviation for one of the five test parcels was the step regarding ‘area in agriculture within one 
mile.’ The deviation had a significant effect on the overall score. The differences in scoring 
between the automated and manual system are highlighted in Table 15.  The deviation is a result 
of the one mile buffer surrounding the parcel. The one mile buffer extended past Story County 
where there was no data, resulting in a low percentage of agricultural land. To remedy this 
deviation, additional alterations to the code are necessary. The five selected parcels can be seen 
below in Figure 26.  
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Figure 26: Selected Parcels for Comparison of Score, 2019
(2019) 
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 Parcel 
0101100200 
Parcel 
0526250230 
Parcel 
0807200105 
Parcel 
1406400310 
Parcel 
1617200300 
 Automated Manual Automated Manual Automated Manual Automated Manual Automated Manual 
Average Site Score 88 88 46 46 91 91 68 68 93 93 
Percent	of	Area	
in	Agriculture	
within	One	Mile	
of	Site 
4 10 8 8 10 10 10 10 10 10 
Land Use 
Compatibility 5 5 5 5 10 10 10 10 10 10 
Agriculture	
Support	
Systems/Services 
10 10 9 9 9 9 9 9 10 10 
Distance	to	
Urban	Built-Up	
Area 
4 4 4 4 10 10 9 9 4 4 
Distance	to	
Municipal	Water	
System 
10 10 10 10 10 10 10 10 10 10 
Distance	to	
Municipal	
Sanitary	Sewer	
System 
10 10 10 10 10 10 10 10 10 10 
Availability	of	
Municipal	Public	
Transit 
10 10 10 10 10 10 10 10 10 10 
Total LESA Score 141 147 97 97 160 160 136 136 157 157 
Total Weighted 
Score 168 186 126 126 209 209 184 184 201 201 
 
Table 15: Automated vs. Manual Scoring 
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Land Evaluation Map: 
The map illustrating the Automated LE scores in ten quantiles is presented in Figure 27. 
Overall, Story County’s LE scores were very high, representing productive soil. However, soil 
scores decreased in areas surrounding municipalities and in Natural Resource Areas. This 
includes areas around the City of Ames (shaded in grey), the Skunk River Greenbelt, and the 
Squaw Creek Greenbelt. The Automated LE score makes up one third of the final score (100 
points out of the 300 points available). Therefore, the Automated LE score is a major component 
of the LESA score.  
 
 
Figure 27: LE Score (Average Soil Site Value) Quantile Method, 2019 
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Site Assessment Maps: 
 The first SA map, Percent of Area in Agriculture Within One Mile of Site score, is 
illustrated in Figure 28. This map shows scores based on how much land within one mile is 
currently in agricultural use. In the overall weights, this variable has a weight of three, meaning 
that each score was multiplied by three. This is represented below by scores 3-30 as seen in 
Figure 28. This is consistent with our assumptions that the percent of area in agricultural land 
was low near Ames, the largest city in unincorporated Story County. Throughout the rest of the 
county, the percent of area in agriculture around each site (parcel) was very high. One 
disadvantage noted through spatial analysis is the lower percentage of agricultural land around  
 
Figure 28: SA Step One, Percent of Area in Agriculture Score, 2019 
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the border of Story County. Future improvements to the script should account for parcels within 
less than one mile of Story Counties border. 
The second SA map, Agriculture Support Systems/Services, illustrates a sites proximity 
to services that improve the ability to perform agricultural activities on the parcel. Systems and 
services that improve the ability to perform agriculture activities are grain elevators, farm 
implement sales/service, farm-to-market roads, and fertilizer depots. The scoring system assigns 
a weight of two, meaning that the scores one through ten were multiplied by two, this is 
represented in Figure 29.  Agricultural support systems and services are plentiful in Story 
County, resulting in most of the scores being 18 and 20. Scores that fell in the 12-16 range were  
 
Figure 29: SA Step Two, Agriculture Support Systems/Services, 2019 
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very rare, and mostly represented the area inside the Ames city boundary, an area not under 
Story County’s LESA authority. Scores below 12 were nonexistent. 
Land Use Compatibility, also has a score weight of two, meaning that the scores zero, 
five, and ten were multiplied by two, as seen in the Figure 30.  Land use compatibility represents 
future land use from Ames and Story County, natural resource areas, urban growth areas, and 
rural villages. Around cities such as Ames, Nevada, Story City, and Roland, scores often 
received ten points; in most other areas of unincorporated Story County, the land frequently 
received a score of 20.  
 
 
 
Figure 30: SA Step Three, Land Use Compatibility, 2019/2020 
 
65 
 
 
Distance to Urban Built-Up Area, also has a score weight of two, so numbers 1-10 were 
multiplied by two as seen in Figure 31. The map illustrates the different score rings increasing 
out from the grey Urban Built-Up Areas, with dark green being the highest score. 
 
 
Figure 31: SA Step Four, Distance to Urban Built-Up Area, 2019 
 
Distance to Municipal Water System, is not weighted. The scores for this map range from 
one to ten as seen in Figure 32. The map illustrates the score rings increasing out from urban 
built-up areas, where municipal water systems typically reside. As Story County receives 
municipal water system data, the LESA should transition from using urban built-up areas to 
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municipal water systems. Due to public safety concerns speculated by Story County planners, 
municipal water system data was removed. 
 
 
Figure 32: SA Step Five, Distance to Municipal Water System, 2019 
  
Distance to Municipal Sanitary Sewer System, like the Distance to Municipal Water 
System, is not weighted, the scores range from one to ten as seen in the Figure 33. The map 
shows the different score rings increasing out from Urban Built-Up Areas, where sanitary sewer 
systems typically reside. Like Municipal Water System data, as Story County receives municipal 
sanitary sewer system data, the LESA should transition from using Urban Built-Up Areas to 
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municipal sanitary sewer systems. Due to public safety concerns speculated by Story County 
planners, municipal sanitary sewer data was removed. 
 
 
Figure 33: SA Step Six, Distance to Municipal Sanitary Sewer System, 2019 
   
Availability of Municipal Public Transit, is also not weighted. The scores range from one 
to ten as seen in the Figure 34 map. The map in Figure 34 shows the different score rings 
increasing out from the City of Ames, which is the only city with a public transport system route. 
The route is known as CyRide, and does not extend into unincorporated Story County. If and 
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when the CyRide route extends into Unincorporated Story County, a score of zero should be 
assigned to parcels that have a bus stop located on them.   
 
 
 
Figure 34: SA Step Six, Distance to Municipal Sanitary Sewer System, 2019 
 
Map Sequencing:  
 The series of maps (Figure 35) illustrates Story County, Iowa starting with the LE score 
and adding an additional SA step in each map. The last map includes all eight automated steps 
(one LE and seven SA). The sequenced maps show the progressive increase in scores as steps are 
added. The sum of total is the highest possible automated LESA, therefore the map key ranges 
from one to 220 going up by ten points for each shade on the color ramp.   
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 Figure 35: Sequence of LESA Maps, 2019/2020 
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Statistics:  
 Based on the statistical analysis findings of this study, it is noted that one parcel reached 
the 220 score mark, a perfect automated LESA score. One parcel also received a score of 51, 
which was the lowest score recorded. The median was a score of 190. The mean automated 
LESA score was 184.11 (see Figure 36) and had a standard deviation of 27.09. The standard 
deviation measures the dispersion of the scores, (Figure 37). The lower the standard deviation, 
the closer scores are clustered to the mean. As seen in the graph below, the standard deviation of 
the LESA scores in Story County indicates that 68% of the automated LESA scores fall between 
157 and 211. The Frequency Distribution is skewed to the left or negatively skewed.  
 
 
Figure 36: Frequency of Distribution of total LESA Automated Scores, 2019 
 
 
Mean 
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Figure 37: Map of Standard Deviation from the Mean, 2019 
 
Attribute Table Results  
The following attribute table was programmed through the Python script to add additional 
columns. These columns provide Story County planners with the information used to generate 
each score. In total, 11 new descriptive columns were added, 12 individual characteristic score 
columns were added, four weighted scores were added, and total scores for LE automation and 
SA automation were added. Finally, the total automated score column was added.  
Descriptive Columns: The descriptive columns that were added show the planners what 
values the individual score columns based their scoring of (Table 16). This also provides them 
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with easy to access information on parcels they may want to describe in Planning Reports and 
Property Research Applications. Descriptive Columns provide planners with the following 
information: 
• Total area of agricultural land within 1 mile of site 
• Each (of the four) individual agricultural support system distance to site 
• Site distance in feet to the nearest urban boundary 
• Site distance in feet to water system  
• Site distance in feet to sanitary sewer system  
• Site distance in feet to the neatest public transportation (Cy-Ride) 
 
 
Table 16: Descriptive Columns 
 
 Individual Characteristic Score Columns: The individual characteristic score columns 
show each of the automated step’s calculated score (Table 17). This allows the planner to see 
quickly which steps contributed to a low or high overall LESA score. It also enables them to 
identify any uncharacteristic numbers that may be calculated in error. The individual scores 
provide planners with the following information:  
• Percent of area in agriculture within one mile of site score  
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• Agriculture support systems/services score 
o Farm-to-market road score 
o Grain Elevator score 
o Fertilizer Depot score 
o Farm Implement Sales/service score  
• Land Use Compatibility score 
• Distance to urban built-up area score  
• Distance to municipal water system score 
• Distance to municipal sanitary sewer system score 
• Availability of municipal public transit score 
 
Table 17: Score Columns 
 
Weighted scores: As determined by the Land Evaluation and Site Assessment (LESA) 
Committee in 1985, after a six month testing program of the preliminary LESA System 
developed for Story County, each LESA was given a specific weight (Beck, et al., 1985). Of the 
eight automated steps, four had a “Weight Factor” of one. This means that there is no change in 
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score value from its individual characteristic score column. Three steps had a “Weighted Factor” 
of two, and one step had a “Weighted Factor” of three. 
Therefore, four new weighted scores were calculated 
through Python coding to provide the attribute table with 
weighted scores (Table 18). The following steps received 
a weighted score: 
• Percent of area in agriculture within one mile  
• of site weighted factor of three   
• Agriculture support systems/services weighted factor of two 
• Land Use Compatibility weighted factor of two 
• Distance to urban built-up area weighted factor of two 
 
Total Scores: As mentioned above, total scores are 
provided in the attribute table. These scores  
contain the LE Automated Score, the SA Automated 
Score, and the Total Automated Score (Table 19). The 
Total Automated Score is not the total LESA Score, but 
can be used by Story County planners in conjunction 
with their manual score to find the Land Evaluation Site Assessment score needed for sufficient 
planning work. The total scores provide planners with the following information:  
• Total automated LE score  
• Total automated SA score 
• Total automated LESA score  
Table 18: Weighted Score Columns 
 
Table 19: Weighted Score 
ColumnsTable 20: Weighted Score 
Columns 
Table 19: Weighted Score Columns 
 
Figure 38: Avg. Soil Site Value Data, 
2019Table 21: Weighted Score Columns 
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CHAPTER 6.    CONCLUSIONS AND DISCUSSION 
From the statistics generated by the automated LESA scores (Figure 26 and 27), it is clear 
that the distribution of automated LESA scores is skewed to the left, indicating that the mean is 
less than the median. From the automated LESA scores it is noted that before consideration of 
the three manual steps, all unincorporated Story County parcel scores fall within the low 
agricultural value range of 0 through 221. However, it is predicted that a majority of Story 
County’s LESA parcels are on track to receive a high agricultural value LESA score after the 
remaining three manual steps are completed. It was additionally noted in Figure 35 that parcels 
which are closer in proximity to urban built-up areas, namely Ames, are less likely to receive a 
high automated LESA score.   
This project addresses a very practical issue that affects the work planners do regularly 
with respect to land-use planning. The issues addressed were time, implicit biases of planners, 
and the lack of spatial context. Through automating the LESA process with a combination of 
GIS and Python, speed at which Story County planners conduct property research and make 
planning decisions can be improved. Implicit biases were reduced when uniformly analyzing 
each parcel with Python geoprocessing tools. Furthermore, the maps developed communicate the 
data behind the LESA scores, and can be used to provide a spatial context on the criteria that 
they evaluate. Spatial context is possible since the automated LESA system calculates scores for 
every parcel in Story County, not one at a time. This spatial context can be used to assist Story 
County planners in future land use mapping. The planners will have the ability to locate areas 
best suited for either agricultural or non-agricultural classification. When spatial context from the 
LESA scoring system is used in future land use planning, it can prevent high value agricultural 
land being assigned to urban land uses. The automated LESA tools are easy to use, and the 
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LESA scripts have further instructions for running directly from Python. In total, the Python 
script takes approximately nine hours and 35 minutes to run.  
However, due to incomplete data, the LESA automated scores are not guaranteed. For 
example, not all of the municipalities have shared municipal water and municipal sanitary sewer 
lines. Due to this, the Story County GIS Department is working on mapping water and sanitary 
sewer lines for them as a service to the municipalities. Furthermore, agricultural land within one 
mile of site is inconsistent with the manual scoring system for properties within one mile of the 
Story County border. Solutions for this issue are discussed further in the next chapter.  
Overall, the automated system offers huge potential to make the land-use decision-
making process efficient and effective. It is expected to reduce human errors and build 
consistency, which means that it offers some level of standardization for planners in Story 
County. As population pressure continues to build, the land-use issue will continue to evolve and 
it is essential that data-driven automated systems will become even more important. This study 
provides an opportunity for other Counties in Iowa and outside to view as a template to build 
new technology driven process that rely less on human judgement. This could also have financial 
implications due to cost-savings arising from less time and potentially effort to do the 
assessments.  
 
Future Work and Limitations 
While the automated system is a big step, work still remains. Future work could include 
efforts at the Story County Planning and Development Department to automate the remaining 
three manual LESA steps. The remaining three steps are “Land in Agriculture Adjacent to Site,” 
“Adjacent Zoning,” and “Compatibility of Site for Agricultural Use”. The “Land in Agriculture 
Adjacent to Site” and “Adjacent Zoning” use similar procedural steps. Each involves the planner 
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analyzing the parcels adjacent to the site. In order to automate a score for these steps, Select 
Layer By Location could be implemented using the boundary touches feature. Due to existing 
parcel data being separated by roads, a buffer of the existing parcels may be necessary to bridge 
gaps created by roads. The “Compatibility of Site for Agricultural Use” step should be 
eliminated or quantified to maintain uniform decisions by planners. The current worksheet for 
this step is based on subjective reasoning. If quantified, the third LESA step could be automated, 
but until values are assigned to the worksheet for “Compatibility of Site for Agricultural Use” 
automation cannot happen. Additionally, future work should update the “Percent of Area in 
Agriculture within One Mile of Site” step to account for parcels less than one mile from the 
border of Story County. This could be remedied by adding current parcel land use data from the 
surrounding counties (Marshall, Jasper, Polk, Boone, Hamilton, and Hardin) to the parcel data. 
Or, if surrounding county data is not desired by Story County planners, a clip of geometry 
objects could be performed to eliminate buffers outside of Story County. Future work should 
also include the continuation of data collection in Story County and municipalities, especially 
regarding municipal water and sanitary sewer systems.  
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APPENDIX A. 
User Instructions Python Script 
The following instructions are a step by step guide on how to run the LESA Python code via the 
interactive Shell. The planners should run the code whenever new data is available to replace old 
data.  
 
 
Step 1: Right click on “LESA_CODE”. 
 
 
Step 2:  Select “Edit with IDLE” from the drop down menu. This will open 
“LESA_CODE”.  
 
 
 
Step 3: Select Run from the tool bar on the top of the screen. Select “Run  
Module” from the drop down menu.  
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Step 4: Click “OK” in the box-up box. This will save the script, open a Python Shell, and 
run the code.   
 
 
 
Step 5:  Let the script run. This will take an estimated 9.5 hours. It is recommended that 
the script should be run toward the end of a workday to allow it to complete the 
iterations overnight.  
 
Step 6: Once  can be seen in the Python Shell the script has completed. You may 
now close out of the Python Shell and the script.  
 
Step 7: Open ArcMap to view your updated map and attribute tables.  
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APPENDIX B. 
User GIS Custom Tool 
The following instructions are a step by step guide on how to run the LESA GIS tool. The planners 
should run the GIS tool whenever new data is available to replace old data.  
 
 
Step 1: Select the “Lesa_Toolbox” located in the LESA Geodatabase.  
 
 
Step 2: Open the “Lesa Script Automation”. 
 
Step 3: Enter the correct Feature Classes into the tool. 
       
Step 4: Select “OK”.  
 
Step 5: Let the tool run. This will take an estimated 13 hours. It is recommended that the  
script should be run toward the end of a workday to allow it to complete the iterations overnight.  
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APPENDIX C. 
Python Code 
###Author: Gabriel Nelson gjnelson@iastate.edu 
###Date:   5/20/2019 
###Python: 2.7.16 
###Overview: This code will determine the score for eight of the eleven Land Evaluation Site Assessment     
###steps. It will also add these score together to get a total score for the automated steps Finally the 
###program will tell you how long the program ran for. 
 
###Importing modules  
import arcpy 
import os 
from arcpy import env 
import numpy as np 
import matplotlib.pyplot as plt 
from datetime import datetime 
 
###Calculate the amount of time it takes to run LESA Score program 
###Start time at current time 
start_time = datetime.now() 
 
### Set workspace environment as LESA.gdb 
###arcpy.env.workspace = os.getcwd() 
os.chdir("..\\LESA.gdb") 
 
###Gives me the ablitity to run script over and over 
arcpy.env.overwriteOutput = True 
 
### Print current working directory to tell me where I am working 
print ("Current working dir : %s" % os.getcwd()) 
 
###Set up Feature Classes  #..// goes back a folder, this will make it sharable  
fc = "..\\LESA.gdb\\Parcel_Work" 
fcS = "..\\LESA.gdb\\AveSiteValue" 
tempfc = '..\\LESA.gdb\\temp' 
final = "..\\LESA.gdb\\final543" 
fccity = "..\\LESA.gdb\\CityLimits" #Acts as water and sewer lines. Not all cities have sewer lines.  
fctrans = "..\\LESA.gdb\\cyride_route" 
fcfm = "..\\LESA.gdb\\FarmToMarket" 
fcfert = "..\\LESA.gdb\\fertil" 
fcimp = "..\\LESA.gdb\\implem" 
tempfc2 = "..\\LESA.gdb\\temp2" 
fce = "..\\LESA.gdb\\elev" 
fcn = "..\\LESA/gdb\\Natural_Resource_Area" 
fca = "..\\LESA.gdb\\Ames" 
fcfs = "..\\LESA.gdb\\Future_Land_Story" 
fcu = "..\\LESA.gdb\\Urban_Growth_RR" 
 
###Customary Function #1 
 
###Function adds fields to attribute table in the Parcels feature class 
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def AddFields (fc): #(undercover) 
###Adding all score Fields, and information fields 
    arcpy.AddField_management(fc, "NEAR_CITY", "LONG") 
    arcpy.AddField_management(fc, "NEAR_TRAN", "LONG") 
    arcpy.AddField_management(fc, "NEAR_H2O", "LONG") 
    arcpy.AddField_management(fc, "NEAR_SEW", "LONG") 
    arcpy.AddField_management(fc, "NEAR_MARK", "LONG") 
    arcpy.AddField_management(fc, "NEAR_Fert", "LONG") 
    arcpy.AddField_management(fc, "NEAR_Impl", "LONG") 
    arcpy.AddField_management(fc, 'NEAR_ELV', "LONG") 
    arcpy.AddField_management(fc, "T_Buffer", "LONG") 
    arcpy.AddField_management(fc, "Ag_Buffer", "LONG") 
    arcpy.AddField_management(fc, "Percent_Ag", "FLOAT") 
    arcpy.AddField_management(fc, "Mark_S", "LONG")     
    arcpy.AddField_management(fc, "Elev_S", "LONG") 
    arcpy.AddField_management(fc, "Fert_S", "LONG") 
    arcpy.AddField_management(fc, "Impl_S", "LONG") 
    arcpy.AddField_management(fc, "Ag_S", "LONG") 
    arcpy.AddField_management(fc, "Supp_S", "LONG") 
    arcpy.AddField_management(fc, "City_S", "LONG") 
    arcpy.AddField_management(fc, "H2O_S", "LONG") 
    arcpy.AddField_management(fc, "SEW_S", "LONG") 
    arcpy.AddField_management(fc, "Cy_S", "LONG")   
    arcpy.AddField_management(fc, "LE_AUTO", "LONG") 
    arcpy.AddField_management(fc, "SA_AUTO", "LONG") 
    arcpy.AddField_management(fc, "LESA_AUTO", "LONG")    
AddFields(fc)#(door) #This line tells the code to run through the "def AddFields. 
 
###################################################################################### 
 
LE_SCORE 
#Intersect of soils(fcS) and parcels (fc) 
arcpy.Intersect_analysis([fc,fcS], tempfc) 
 
###Calculate areaweighted values per intersection 
arcpy.AddField_management(tempfc, 'AvgArea', 'DOUBLE') 
with arcpy.da.UpdateCursor(tempfc,['AvgArea','SiteValue','SHAPE@AREA']) as cursor:  
    for row in cursor: 
        row[0] = row[1] * row[2] 
        cursor.updateRow(row) 
 
###Dissolve the AvgArea Sum to PARCELID 
arcpy.Dissolve_management(tempfc, final, ['PARCELID'],[['AvgArea','SUM'],["PARCELID", 
"COUNT"]])#,'MULTI_PART','DISSOLVE_LINES' #SUMAdds the total value for the specified field. 
 
###Add "Areaweighted_average"  
arcpy.AddField_management(final, 'Awa', 'DOUBLE') 
 
###Calculate areaweighted average 
with arcpy.da.UpdateCursor(final,['Awa','SUM_AvgArea','SHAPE@AREA']) as cursor: 
    for row in cursor: 
        row[0]=row[1]/row[2] 
        cursor.updateRow(row) 
 
###join  
arcpy.JoinField_management(fc, "PARCELID", final, "PARCELID", ["Awa"]) 
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LEScores =["LE_AUTO","Awa"] 
###Transfer data from 'Areaweighted_average' to "LE_SCORE" 
with arcpy.da.UpdateCursor(fc, LEScores) as search: 
    for each_row in search: 
        each_row[0] = each_row[1] 
        search.updateRow(each_row) 
         
###Removes two Null Values 
with arcpy.da.UpdateCursor(fc, "LE_AUTO") as cursor: 
    for row in cursor: 
        if row[0] == None: # None appears as <Null> in attribute table float fields 
            row[0] = 0 
        cursor.updateRow(row) 
 
###Clean up Data by deleting temp feature classes from geodatabase 
arcpy.DeleteField_management(fc, ["Awa"]) 
 
fc_Delete = ["final","temp"] 
 
for final in fc_Delete: 
    if arcpy.Exists(final): 
        arcpy.Delete_management(final) 
 
###################################################################################### 
 
###SA_automated score 
 
###Customary Function #2 
def DistanceCity(fc): #undercover 
    List_field = ["NEAR_CITY", "City_S"] #The two columns from the feature class that I am using. 
 
###If NEAR_CITY is within a specified range the code will give City_S a score from 1-10  
    with arcpy.da.UpdateCursor(fc, List_field) as cursor:  
        for row in cursor:  
            if (row [0] > 10560): 
                row [1] =10 
            elif (row[0] > 7920): 
                row[1] = 9 
            elif (row[0] > 6600): 
                row[1] = 8 
            elif (row[0] > 5280): 
                row[1] = 7 
            elif (row[0] > 3960): 
                row[1] = 6 
            elif (row[0] > 2640): 
                row[1] = 5 
            elif (row[0] > 1980): 
                row[1] = 4 
            elif (row[0] > 1320): 
                row[1] = 3 
            elif (row[0] > 660): 
                row[1] = 2 
            elif (row[0] > 330): 
                row[1] = 1 
            else: 
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                row [1] = 0 
            cursor.updateRow(row) 
             
###Customary Function #3      
def DistanceTransportation (fc): 
    List_field = ["NEAR_TRAN", "Cy_S"]#The two columns from the feature class that I am using. 
 
###If NEAR_DIST is within a specified range the code will give Cy_S a score from 1-10  
    with arcpy.da.UpdateCursor(fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] > 2640): 
                row [1] =10 
            elif (row[0] > 1320): 
                row[1] = 9 
            elif (row[0] > 990): 
                row[1] = 8 
            elif (row[0] > 660): 
                row[1] = 7 
            elif (row[0] > 500): 
                row[1] = 6 
            elif (row[0] > 400): 
                row[1] = 5 
            elif (row[0] > 330): 
                row[1] = 4 
            elif (row[0] > 165): 
                row[1] = 3 
            elif (row[0] > 1): 
                row[1] = 2 
            elif (row[0] > 0.1):  #If transit line has no scheduled stop 
                row[1] = 1 
            else:               #If transit has scheduled stop 
                row [1] = 0  
            cursor.updateRow(row) 
 
###Customary Function #4      
def DistanceWater (fc): 
    List_field = ["NEAR_H2O", "H2O_S"]#The two columns from the feature class that I am using. 
 
###If NEAR_H2O is within a specified range the code will give water a score from 1-10  
    with arcpy.da.UpdateCursor(fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] > 1320): 
                row [1] =10 
            elif (row[0] > 990): 
                row[1] = 9 
            elif (row[0] > 660): 
                row[1] = 8 
            elif (row[0] > 500): 
                row[1] = 7 
            elif (row[0] > 400): 
                row[1] = 6 
            elif (row[0] > 300): 
                row[1] = 5 
            elif (row[0] > 200): 
                row[1] = 4 
            elif (row[0] > 150): 
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                row[1] = 3 
            elif (row[0] > 100): 
                row[1] = 2 
            elif (row[0] > 0.1): 
                row[1] = 1 
            else: 
                row [1] = 0 
            cursor.updateRow(row) 
 
 
###Customary Function #5      
def DistanceSewer (fc): 
    List_field = ["NEAR_SEW", "SEW_S"]#The two columns from feature class that I am using. 
 
###If NEAR_H2O is within a specified range the code will give water a score from 1-10  
    with arcpy.da.UpdateCursor(fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] > 1320): 
                row [1] =10 
            elif (row[0] > 990): 
                row[1] = 9 
            elif (row[0] > 660): 
                row[1] = 8 
            elif (row[0] > 500): 
                row[1] = 7 
            elif (row[0] > 400): 
                row[1] = 6 
            elif (row[0] > 300): 
                row[1] = 5 
            elif (row[0] > 200): 
                row[1] = 4 
            elif (row[0] > 150): 
                row[1] = 3 
            elif (row[0] > 100): 
                row[1] = 2 
            elif (row[0] > 0.1): 
                row[1] = 1 
            else: 
                row [1] = 0 
            cursor.updateRow(row) 
 
###################################################################################### 
 
#Ag Support Custom Functions 6 (a,b,c,d) 
Customary Function 6a 
def Market (fc): 
    List_field = ["NEAR_MARK","Mark_S"] 
    with arcpy.da.UpdateCursor (fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] <= 10560): 
                row [1] = 0 
            else: 
                row [1] = -3 
            cursor.updateRow (row) 
             
#Customary Function 6b 
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def elevator (fc): 
    List_field = ["NEAR_ELV","Elev_S"] 
    with arcpy.da.UpdateCursor (fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] <= 31680): 
                row [1] = 0 
            else: 
                row [1] = -2  
            cursor.updateRow (row) 
 
#Customary Function 6c 
def Fertilizer (fc): 
    List_field = ["NEAR_FERT","Fert_S"] 
    with arcpy.da.UpdateCursor (fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] <= 10560): 
                row [1] = 0 
            else: 
                row [1] = -1 
            cursor.updateRow (row) 
 
#Customary Function 6d 
def Implement (fc): 
    List_field = ["NEAR_Impl","Impl_S"] 
    with arcpy.da.UpdateCursor (fc, List_field) as cursor: 
        for row in cursor: 
            if (row [0] <= 63360): 
                row [1] = 0 
            else: 
                row [1] = -1 
            cursor.updateRow (row) 
             
###Customary Function 7 
#Ag Support Score  
def AgSupport (fc): 
    ScoresSupp =["Mark_S", "Elev_S", "Fert_S", "Impl_S", "Supp_S"] 
 
    with arcpy.da.UpdateCursor(fc, ScoresSupp) as search: 
        for each_row in search: 
            each_row[4] = 10 + each_row[0] + each_row[1] + each_row[2] + each_row[3] 
            search.updateRow(each_row) 
 
###Customary Function 8 
#Convert the Ag % in one mile to a Score 
def Percent_Ag (fc): 
    Feilds3 = ['Percent_Ag','Ag_S'] 
 
    with arcpy.da.UpdateCursor(fc, Feilds3) as cursor:  
        for row in cursor: 
            if (row[0] >= 75): 
                row[1] = 10 
            elif(row[0] >= 60): 
                row[1] = 9 
            elif(row[0] >= 55): 
                row[1] = 8 
            elif(row[0] >= 50): 
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                row[1] = 7 
            elif(row[0] >= 45): 
                row[1] = 4 
            elif(row[0] >= 40): 
                row[1] = 3 
            elif(row[0] >= 25): 
                row[1] = 2 
            else: 
                row[1] = 1 
            cursor.updateRow(row) 
             
###################################################################################### 
 
###Setting up Distance to City inputs 
 
###The following tool gives the distance for each parcel to a city limit, and creates a new column 
arcpy.Near_analysis(fc, fccity, "500000 feet")  
 
#update new field with old feild 
twofields =['NEAR_DIST','NEAR_CITY'] 
with arcpy.da.UpdateCursor(fc, twofields) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow(each_row) 
DistanceCity(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
###################################################################################### 
 
###Setting up Distance to Transportation inputs 
 
###The following tool gives the distance for each parcel to a transportation limit, and creates a new column 
arcpy.Near_analysis(fc, fctrans, "500000 feet") 
 
#update new field with old field 
twofields2 = ['NEAR_DIST', 'NEAR_TRAN'] 
with arcpy.da.UpdateCursor(fc, twofields2) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
DistanceTransportation(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_DIST") 
arcpy.DeleteField_management (fc, "NEAR_FID") 
 
###################################################################################### 
 
###Setting up Distance to Water inputs 
 
###The following tool gives  the distance for each parcel to a city limit, and creates a new column 
arcpy.Near_analysis(fc, fccity, "500000 feet") 
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#update new field with old field 
twofields3 = ['NEAR_DIST', 'NEAR_H2O'] 
with arcpy.da.UpdateCursor(fc, twofields3) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
DistanceWater(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
###################################################################################### 
 
###Setting up Distance to Sewer inputs 
 
###The following tool gives the distance for each parcel to a city limit, and creates a new column 
arcpy.Near_analysis(fc, fccity, "500000 feet") 
 
#update new field with old field 
twofields4 = ['NEAR_DIST', 'NEAR_SEW'] 
with arcpy.da.UpdateCursor(fc, twofields4) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
DistanceSewer(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
###################################################################################### 
 
#def Elevator 
 
###The following tool gives the distance for each farm to market roads, and creates a new column 
arcpy.Near_analysis(fc, fce, "500000 feet") 
 
#update new field with old field 
twofields5 = ['NEAR_DIST', 'NEAR_ELV'] 
with arcpy.da.UpdateCursor(fc, twofields5) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
elevator(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
#def farm_market 
 
#The following tool gives the distance for each farm to market roads, and creates a new column 
arcpy.Near_analysis(fc, fcfm, "500000 feet") 
 
#update new field with old field 
twofields5 = ['NEAR_DIST', 'NEAR_MARK'] 
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with arcpy.da.UpdateCursor(fc, twofields5) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
Market(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
 
###################################################################################### 
 
#def farm_market fertilizer 
 
###The following tool gives the distance for each farm fertilizer, and creates a new column 
arcpy.Near_analysis(fc, fcfert, "500000 feet") 
 
#update new field with old field 
twofields6 = ['NEAR_DIST', 'NEAR_Fert'] 
with arcpy.da.UpdateCursor(fc, twofields6) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
Fertilizer(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
###################################################################################### 
 
#def farm_market Implement 
 
###The following tool gives the distance for each farm implements, and creates a new column 
arcpy.Near_analysis(fc, fcimp, "500000 feet") 
 
#update new field with old field 
twofields7 = ['NEAR_DIST', 'NEAR_Impl'] 
with arcpy.da.UpdateCursor(fc, twofields7) as search: 
    for each_row in search: 
        each_row[1] = each_row[0] 
        search.updateRow (each_row) 
Implement(fc)#door 
 
#Delete old fields  
arcpy.DeleteField_management (fc, "NEAR_FID") 
arcpy.DeleteField_management (fc, "NEAR_DIST") 
 
#Call on AgSupport to receive total Ag Support Score 
AgSupport (fc) #door 
 
###################################################################################### 
 
####Land 
###Clip section of Ames that is outside of county 
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ClipAmes = arcpy.Clip_analysis("..\\LESA.gdb\\Ames", fc, "..\\LESA.gdb\\Ames_Clip") 
 
### Erase Ames from Future C2C 
EraseC2C = arcpy.Erase_analysis("..\\LESA.gdb\\Future_Land_Story", "..\\LESA.gdb\\Ames_Clip", 
"..\\LESA.gdb\\C2C_Ames")#did this work? 
 
### Intersect and clip nature with parcel to give nature parcel lines 
Naturepar = arcpy.Intersect_analysis([fc,"..\\LESA.gdb\\Natural_Resource_Area"], 
"..\\LESA.gdb\\naturepar") 
 
ClipNature = arcpy.Clip_analysis("..\\LESA.gdb\\naturepar", "..\\LESA.gdb\\Natural_Resource_Area", 
"..\\LESA.gdb\\Nature_Clip") 
 
###Intersect Urban Growth with parcel 
Naturepar = arcpy.Intersect_analysis([fc,"..\\LESA.gdb\\Urban_Growth_RR"], "..\\LESA.gdb\\Urban_RV") 
 
EraseNature = arcpy.Erase_analysis("..\\LESA.gdb\\C2C_Ames", "..\\LESA.gdb\\Nature_Clip", 
"..\\LESA.gdb\\C2C_AN") #output 
EraseUrban = arcpy.Erase_analysis("..\\LESA.gdb\\C2C_AN", "..\\LESA.gdb\\Urban_RV", 
"..\\LESA.gdb\\C2C_ANA") #output# 
##union naturepar with C2C_ames with ames test 
Union3 = arcpy.Union_analysis(["..\\LESA.gdb\\Ames_Clip", "..\\LESA.gdb\\C2C_ANA", 
"..\\LESA.gdb\\Nature_Clip", "..\\LESA.gdb\\Urban_RV"], "..\\LESA.gdb\\temp3") 
 
intersectUnion = arcpy.Intersect_analysis([fc,"..\\LESA.gdb\\temp3"], "..\\LESA.gdb\\temp4")#OUtput 
(need to see if c2c_ana is being placed as parcel property class 
 
##tempdissolve = arcpy.Dissolve_management("..\\LESA.gdb\\temp4", "..\\LESA.gdb\\temp6", 
['PARCELID'], "", "SINGLE_PART", "DISSOLVE_LINES") 
 
memoryFeature1 = "in_memory" + "\\" + "myMemoryFeature" 
result1234 = arcpy.CopyFeatures_management("..\\LESA.gdb\\temp4", memoryFeature1) 
 
tempdissolve = arcpy.Dissolve_management(memoryFeature1, "in_memory\\temp6", 
['PARCELID'],[['Nature','Max'],['LandClassi','MIN'],['PropertyCl','FIRST'],['PropertyCl_12_13','FIRST'],['Urban_R
R','FIRST']], "MULTI_PART", "DISSOLVE_LINES") 
 
arcpy.CopyFeatures_management("in_memory\\temp6", "..\\LESA.gdb\\temp6") 
arcpy.Delete_management("in_memory") 
 
##After disolve use joinfield, add score field 
 
###Is the site currently in an agricultural use? 
arcpy.AddField_management("..\\LESA.gdb\\temp6", "LN_S", "LONG") #DOUBLE 
Feilds = ['PARCElID', 'FIRST_PropertyCl', 'MAX_Nature', 'MIN_LandClassi', 'FIRST_PropertyCl_12_13', 
'FIRST_Urban_RR', 'LN_S']#####ADD MORE FEILDS  Property class from parcel and c2c 
 
 
##for FCTEMP in Feilds:  
##    print FCTEMP, FCTEMP in [field.name for field in arcpy.ListFields(FCTEMP)] 
   
with arcpy.da.UpdateCursor("..\\LESA.gdb\\temp6", Feilds) as cursor: 
    for row in cursor: 
        #is parcel currently in Ag use? 
        if row[1] == 'A' or row[1] == 'A, AD': # 
            ###If Yes: Is maintaining the site in an agricultural use compatibale with the C2C Plan? 
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            if row[4] == 'A' or row[4] == 'A, D' or row[4] == 'P' or row[3] == 1 or row[3] == 2 or row[3] == 8 
or row [3] == 7 or row[2] == 1: ###if row [nature] == 1:###if row [AmesFringe] == 'A' or [AmesFringe] == 'N': 
                #Yes 
                row[6] = 10 
            else: 
                #No 
                row[6] = 5 
 
        else: 
            #is the site currently in the following?  
#            if row[4] == 'I' or row[4] == 'C' or row[4] == 'R' or row[4] == 'RR' or row[4] == 'U' or row[4] == 
'V' or row[3] == 3 or row [3] == 4 or row[3] == 5 or row[3] == 9 or row[3] == 10 or row [3] == 12 or row [3] == 13 
or row[3] == 14 or row [5] == 1:###if row [AmesFrige] == 'R' or [AmesFringe] = 'C' or etc.  
            if row[3] == 1 or row[3] == 2: 
                #Yes 
                row[6] = 5 
            elif row[4] == 'I' or row[4] == 'C' or row[4] == 'R' or row[4] == 'RR' or row[4] == 'U' or row[4] == 
'V' or row[3] == 3 or row [3] == 4 or row[3] == 5 or row[3] == 9 or row[3] == 10 or row [3] == 12 or row [3] == 13 
or row[3] == 14 or row [5] == 1: 
                row[6] = 0 
            else: 
                #No 
                row[6] = 5 
          
        cursor.updateRow(row) 
         
###join to parcels "CurrentAG"  
arcpy.JoinField_management(fc, "PARCELID", "..\\LESA.gdb\\temp6", "PARCELID", ["LN_S"]) 
 
arcpy.Delete_management("..\\LESA.gdb\\Ames_Clip") 
arcpy.Delete_management("..\\LESA.gdb\\C2C_Ames") 
arcpy.Delete_management("..\\LESA.gdb\\naturepar") 
arcpy.Delete_management("..\\LESA.gdb\\Nature_Clip") 
arcpy.Delete_management("..\\LESA.gdb\\C2C_AN") 
arcpy.Delete_management("..\\LESA.gdb\\C2C_ANA") 
arcpy.Delete_management("..\\LESA.gdb\\temp3") 
arcpy.Delete_management("..\\LESA.gdb\\temp4") 
arcpy.Delete_management("..\\LESA.gdb\\temp6") 
 
arcpy.AddField_management(fc, "Land_Sco", "LONG") #DOUBLE 
LScores =["Land_Sco","LN_S"] 
###Transfer data from 'LN_S' to "L_S" 
with arcpy.da.UpdateCursor(fc, LScores) as search: 
    for each_row in search: 
        each_row[0] = each_row[1] 
        search.updateRow(each_row) 
 
###Clean up Data by deleting temp feature classes from geodatabase 
arcpy.DeleteField_management(fc, ["LN_S"]) 
 
###Removes two Null Values 
with arcpy.da.UpdateCursor(fc, "Land_Sco") as cursor: 
    for row in cursor: 
        if row[0] == None: # None appears as <Null> in attribute table float fields 
            row[0] = 0 
        cursor.updateRow(row) 
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###################################################################################### 
 
#Ag land within one mile of site 
 
memoryFeature = "in_memory" + "\\" + "myMemoryFeature" 
result123 = arcpy.CopyFeatures_management(fc, memoryFeature) 
 
#Set up 2nd "Feature Class" of selected ag 
#fc_2 = arcpy.Select_analysis(fc,'..\\LESA.gdb\\Ag_selected','"PropertyCl" = \'A\' OR "PropertyCL" = \'A, 
AD\'') 
fc_2 = arcpy.Select_analysis(result123,'in_memory\\Ag_selected','"PropertyCl" = \'A\' OR "PropertyCL" = 
\'A, AD\'') 
 
#Adding a Field that I will update with the same value to disolve the selected Ag parcels 
arcpy.AddField_management (fc_2, "Disol", "LONG") 
 
#Disolve Row (column with all the same value)                            
with arcpy.da.UpdateCursor(fc_2, "Disol") as cursor:  
    for row in cursor: 
        row[0] = 1 
        cursor.updateRow(row) 
print(start_time) 
 
###################################################################################### 
 
#Part 1: Calculate total area 
 
Feilds = ['SHAPE@','PARCELID',"T_Buffer","Ag_Buffer","PropertyCl"] 
#with arcpy.da.UpdateCursor(fc, Feilds) as cursor: 
with arcpy.da.UpdateCursor(result123, Feilds) as cursor: 
    for row in cursor: 
        geom = row[0] 
         
        #Buffer 
        geomBuffer = geom.buffer(5280) #This makes a 1 mile buffer. It is a geometry object. 
        geomBufferarea = geomBuffer.area - geom.area 
        #T_Buffer = total geomerty area 
        row[2] = geomBufferarea 
 
###################################################################################### 
 
#Part 2: Ag Area  
 
        #clip to geomBuffer only ag land 
        agbuffer = arcpy.Clip_analysis(fc_2, geomBuffer,'in_memory\\AG__' + str(row[1]) ) 
 
        #Dissolve the parcel lines 
        agdissolve = arcpy.Dissolve_management(agbuffer, "in_memory\\agdis"+ str(row[1]), "Disol", "", 
"MULTI_PART", "DISSOLVE_LINES") 
        arcpy.Delete_management(agbuffer) 
         
        #Checking agdissolve 
        result = arcpy.GetCount_management(agdissolve) 
 
        #only do copy if 1 else 0 
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        if int(str(result)) >= 1: 
            aggeometry = arcpy.CopyFeatures_management(agdissolve, arcpy.Geometry())[0] 
 
            if row[4] == 'A' or row[4] == 'A, AD': #value test 
                #Subtract the original parcel area 
                row[3] = aggeometry.area - geom.area 
            else: 
                #Do not subtract the original parcel (since it is not in ag and has already been removed) 
                row[3] = aggeometry.area   
            arcpy.Delete_management(aggeometry) 
        else: 
            #There is no Ag land in 1 mile buffer 
            row[3] = 0 
        arcpy.Delete_management(agdissolve) 
        cursor.updateRow (row) 
         
arcpy.CopyFeatures_management(result123, fc) 
arcpy.Delete_management("in_memory") 
 
###################################################################################### 
 
#Getting Percent in Ag 
Feilds8 = ["T_Buffer","Ag_Buffer",'Percent_Ag'] 
 
with arcpy.da.UpdateCursor(fc, Feilds8) as cursor:  
    for each_row in cursor: 
        each_row[2] = float((each_row[1]) / float(each_row[0])) * (100) 
        cursor.updateRow(each_row) 
         
Percent_Ag(fc)#door 
 
###################################################################################### 
 
###Adding the two individual scores together to get a total score 
 
Scores =["Cy_S", "City_S", "H2O_S", "SEW_S", "Supp_S", "Ag_S", "Land_Sco", "SA_AUTO", 
"LESA_AUTO", "LE_AUTO"] 
with arcpy.da.UpdateCursor(fc, Scores) as search: 
    for each_row in search: 
        each_row[7] = int(each_row[0]) + int(each_row[1]) + int(each_row[2])+ int(each_row[3]) + 
int(each_row[4]) + int(each_row[5]) + int(each_row[6]) 
        each_row[8] = each_row[7] + each_row[9] 
        search.updateRow(each_row) 
 
###################################################################################### 
 
#Percent of Area in Agriculture Within One Mile of Site 
arcpy.AddField_management (fc, "W_Ag", "LONG") 
W_fields1 = ["W_Ag", "Ag_S"] 
 
with arcpy.da.UpdateCursor(fc, W_fields1) as cursor: #check value name 
    for row in cursor: 
        row[0]=row[1]* 3 
        cursor.updateRow(row) 
 
#Agriculture Support Systems/Services 
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arcpy.AddField_management (fc, "W_Su", "LONG") 
W_fields2 = ["W_Su", "Supp_S"] 
 
with arcpy.da.UpdateCursor(fc, W_fields2) as cursor: #check value name 
    for row in cursor: 
        row[0]=row[1]* 2 
        cursor.updateRow(row) 
             
#Land Use Compatibility 
arcpy.AddField_management (fc, "W_L", "LONG") 
W_fields3 = ["W_L", "Land_Sco"] 
 
with arcpy.da.UpdateCursor(fc, W_fields3) as cursor: #check value name 
    for row in cursor: 
        row[0]=row[1]* 2 
        cursor.updateRow(row) 
             
#Distance to Urban Built up Area 
arcpy.AddField_management (fc, "W_U", "LONG") 
W_fields4 = ["W_U", "City_S"] 
 
with arcpy.da.UpdateCursor(fc, W_fields4) as cursor: #check value name 
    for row in cursor: 
        row[0]=row[1]* 2 
        cursor.updateRow(row) 
 
#Total Weighted Score 
arcpy.AddField_management (fc, "Total_Auto", "LONG") 
All_fields = ["Total_Auto", "SEW_S", "H2O_S", "Cy_S", "W_U", "W_L", "W_Su", "W_Ag", 
"LE_AUTO"] 
 
with arcpy.da.UpdateCursor(fc, All_fields) as cursor: #check value name 
    for row in cursor: 
        row[0] = row[1] + row[2] + row[3] + row[4] + row[5] + row[6] + row[7] + row[8] 
        cursor.updateRow(row) 
         
###################################################################################### 
     
end_time = datetime.now() 
print('Code took this long to run: {}'.format(end_time - start_time)) 
